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FOREWORD  

GLG Life Tech Corporation (“GLG”) based our Generally Recognized as Safe (GRAS) assessment 
on rebaudioside M primarily on the composite safety information, i.e., scientific procedures with 
corroboration from history of use. The safety/toxicity of steviol glycosides, history of use of steviol 
glycosides, and compositional details, specifications, and method of preparation of the subject 
ingredient were reviewed. In addition, a search of the scientific and regulatory literature was 
conducted through December 11, 2018, with particular attention paid to adverse reports, as well as 
those that supported conclusions of safety. Those references that were deemed pertinent to this 
review are listed in Part 7. The composite safety/toxicity studies, in concert with dietary exposure 
information, ultimately provide the specific scientific foundation for the GRAS conclusion. 

At GLG’s request, GRAS Associates, LLC (“GA”) convened an Expert Panel to complete an 

independent safety evaluation of GLG’s Festeviol Reb M 95 product. GLG’s high purity 

Festeviol Reb M 95 preparation is produced through bioconversion of high purity rebaudioside A 

by genetically-modified E. coli or Bacillus expression systems, which is purified to yield a 95% 
rebaudioside M product. The purpose of the evaluation is to ascertain whether GLG’s conclusion 

that the intended food uses of Festeviol Reb M 95 as described in Part 3 are generally 
recognized as safe, i.e., GRAS, under the intended conditions of use. In addition, GLG has asked 
GA to act as Agent for the submission of this GRAS notification. 

PART 1.  SIGNED STATEMENTS  AND CERTIFICATION  

A. Basis of Exclusion from the Requirement for Premarket Approval Pursuant to Subpart E
of 1701 

GLG has concluded that our high purity rebaudioside M product, referred to as “Festeviol Reb M 
95” and “Festeviol RM 95,” and which meets the specifications described below, is GRAS in 
accordance with Section 201(s) of the Federal Food, Drug, and Cosmetic (FD&C) Act. This 
determination was made in concert with an appropriately convened panel of experts who are 
qualified by scientific training and experience. The GRAS determination is based on scientific 
procedures as described in the following sections. The evaluation accurately reflects the intended 
conditions of food use for the designated high purity rebaudioside M preparation. 

1 See 81 FR 54960, 17 August 2016. Accessible at: https://www.gpo.gov/fdsys/pkg/FR-2016-08-17/pdf/2016-19164.pdf (Accessed 12/11/18). 
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Signed: 

Agent for GLG 

William J. Rowe Date:  2/18/19 
President and CEO 
GRAS Associates, LLC 
27499 Riverview Center Blvd. 
Suite 212 
Bonita Springs, FL 34134 

B. Name and Address of Responsible Parties 

GLG Life Tech Corporation 
10271 Shellbridge Way 
Suite 100 
Richmond, B.C. V6X 2W8 
Canada 

As the Responsible Party, GLG accepts responsibility for the GRAS conclusion that has been 

made for our high purity rebaudioside M ( 95%) preparation, Festeviol RM 95, as described in 
the subject safety evaluation; consequently, the purified steviol glycosides preparations having 
acceptable steviol glycosides compositions which meet the conditions described herein, are not 
subject to premarket approval requirements for food ingredients. 

C. Common Name and Identity of Notified Substance 

The common name of the ingredient to be used on food labels is “high purity rebaudioside M.” 
GLG also plans to market our high purity rebaudioside M preparations under the trade names 
“Festeviol RM 95” and “Festeviol Reb M 95.” 

D. Conditions of Intended Use in Food 

GLG’s Festeviol high purity rebaudioside M ( 95%) preparation is intended for use as a general-
purpose sweetener in foods, excluding meat and poultry products and infant formulas, at levels 
determined by Current Good Manufacturing Practices (CGMP). 
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E. Basis for GRAS Conclusion 

Pursuant to 21 CFR 170.30(a) and (b), GLG’s Festeviol high purity rebaudioside M ( 95%) 
preparation has been concluded to be GRAS on the basis of scientific procedures as discussed in 
the detailed description provided below. 

High purity rebaudioside M is not subject to premarket approval requirements of the FD&C Act 
based on GLG’s conclusion that the substance is GRAS under the conditions of its intended food 
uses. 

GLG certifies, to the best of our knowledge, that this GRAS notice is a complete, representative, 
and balanced assessment that includes all relevant information, both favorable and unfavorable, 
available and pertinent to the evaluation of safety and GRAS status of high purity rebaudioside M. 

F. Availability of Information 

The data and information that serve as the basis for this GRAS Notice will be maintained at the 
offices of GLG Life Tech Corporation, 10271 Shellbridge Way, Suite 100, Richmond, BC V6X 2W8 
Canada, and will be made available during customary business hours. 

GLG certifies that no data or information contained herein are exempt from disclosure under the 
Freedom of Information Act (FOIA). No non-public, safety-related data were used by the Expert 
Panel to reach a GRAS conclusion. 

PART 2.  IDENTITY, METHOD OF MANUFACTURE,  SPECIFICATIONS, AND  PHYSICAL 
OR TECHNICAL EFFECT  

A.  Chemical Identity of Ingredient  

“Rebaudioside M” is the common or usual name of the non-nutritive sweetener derived from high 
purity rebaudioside A by genetically-modified E. coli or Bacillus. The compositional features of 
Festeviol RM 95 are described in more detail in this section. “Rebaudioside M” and “Reb M” are 
the terms used by GLG in referring to the notified substance. The preparation is also marketed as 
“Festeviol Reb M 95” and “Festeviol RM 95.” 

The general chemistry of rebaudioside M has previously been reviewed in a number of GRAS 
Notifications (GRN), including GRN 4732 (PureCircle, 2013b), GRN 512 (GLG, 2014), GRN 667 
(Blue California, 2016), GRN 744 (PureCircle, 2018a), and GRN 745 (PureCircle, 2018b). 

No known toxins have been identified in stevia or stevia-derived products. 

2 GRN 473 was originally filed as Rebaudioside X. The FDA “no questions” letter clarified the nomenclature of the subject ingredient as 

Rebaudioside M. 
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1. Chemistry of Rebaudioside M 

Rebaudioside M is a minor, naturally occurring steviol glycoside obtained from the leaves of Stevia 

rebaudiana Bertoni. It is reported to be 160-500 times sweeter than sucrose. Similar to the other 
steviol glycosides, Reb M is an ent-kaurane diterpene glycoside with a steviol backbone. Unlike 
the other steviol glycosides, Reb M has two 2-O-ß-D-glucopyranosyl-3-O-ß-D-glucopyranosyl-ß-D-
glucopyranosyl units, an ether at position C-13 and an ester at position C-19 (Chaturvedula et al., 
2013; Prakash et al., 2014). 

Chemical name:  13-[(O-ß-D-Glucopyranosyl-(1-2)-O-[ß-D-glucosylpyranosyl-(1-
3)]-ß-D-glucosylpyranosyl)oxy]-kaur-16-en-18-oic acid (4-)-O-ß-
D-glucosylpyranosyl-(1-2)-O-[ß-D-glucosylpyranosyl-(1-3)]-ß-D-
glycosylpyranosyl ester  

Synonyms:  Rebaudioside M, Reb  M, Rebaudioside X, Reb X  

Chemical formula: C56H90O33 

Molecular weight: 1291.29 daltons 

CAS Number: 1220616-44-3 

The chemical structure of rebaudioside M is presented in Figure 1. 
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Figure 1. Chemical Structure of Rebaudioside Ma 

a From Chaturvedula et al. (2013) 

2. Chemistry of the Bacterial Vectors 

GLG’s manufacturing process for its high purity rebaudioside M Festeviol™ RM 95 preparation 
uses glucosyltransferase and sucrose synthase enzymes produced by either an E. coli or Bacillus 

(consisting of Bacillis brevis and Bacillis licheniformis) expression system to carry out the 
biotransformation process. 

a. E. coli Expression System 

E. coli is a Gram-negative straight rod bacteria. Non-pathogenic strains serve an important role in 
suppressing the growth of harmful bacteria in the human body as well as synthesizing vitamins, 
whereas pathogenic strains can cause infection in the enteric, urinary, pulmonary, and nervous 
systems (UniProt, 2018c). 

E. coli strains K-12 and B (also referred to as BL21) are considered “workhorse” organisms, and 
are used in many research laboratories worldwide as well as for industrial scale expression of 
recombinant proteins (UniProt, 2018b; Marisch et al., 2013). 
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Previous GRNs have been reviewed by FDA for which E. coli is the host microorganism. Two of 
these notifications detailed the production of rebaudioside M using genetically-modified strains of 
E. coli LE1B09 and E. coli K-12 in (PureCircle, 2018b) and GRN 780 (Tate and Lyle, 2018), 
respectively. 

GLG uses non-pathogenic and non-toxigenic strains of E. coli K-12 and E. coli B to express the 
two uridine diphosphate (UDP)-glucosyltransferase enzymes and sucrose synthase enzyme that 
are used to produce rebaudioside M. Furthermore, GLG’s E. coli production strains meet the 
criteria for Biosafety Level 1 organisms, as outlined by the National Institutes of Health (NIH, 
2016). 

The major genetic modification of these strains is the directional deletion of certain genetic 
materials in order to accommodate the introduction of exogenous deoxyribonucleic acid (DNA) 
materials for the production of the targeted enzymes, thereby making the resulting transformants 
more stable in achieving high density fermentation with optimum growth and protein expression 
profile. The systems GLG has developed demonstrate stable genetic transformation and can 
express the targeted proteins efficiently. The plasmids used in this particular project are pNYK and 
pNYY. 

UDP-glucosyltransferase 1, UDP-glucosyltransferase 2, and sucrose synthase are produced by E. 

coli K-12 and B strains by fermentation of the genetically-engineered E. coli under standard culture 
conditions. After fermentation, the reaction solution is heat-treated to disrupt the reaction. The 
enzymes are then obtained through modular membrane filtration of the fermentation broths to 
remove impurities. 

b. Bacilli Expression System 

Bacilli are Gram-positive, rod-shaped, spore-forming bacteria. While certain species are 
pathogens, the majority of Bacillus species are “harmless saprophytes.” Bacilli are used in a 
number of medical, pharmaceutical, agricultural, and industrial applications, where they can be 
used to produce enzymes, antibiotics, and metabolites (UniProt, 2018a; Turnbull, 1996). 

Bacillus brevis and Bacillus licheniformis have been widely used in the production of food and 
pharmaceutical raw materials, and have been granted GRAS status by FDA. No harmful 
substances coming from these strains have been reported. 

Previous GRNs have been reviewed by FDA for which Bacilli are the host microorganisms. In 
addition, 4 GRNs were submitted regarding steviol glycosides preparations manufactured using 
genetically-modified Bacilli: GRN 375 (Toyo Sugar Refining Co., 2011); GRN 448 (Daepyung, 
2012); GRN 607 (PureCircle, 2015); and GRN 662 (PureCircle, 2016). 

GLG uses non-pathogenic and non-toxigenic strains of Bacillus brevis and Bacillus licheniformis to 
express the two UDP glucosyltransferase enzymes and sucrose synthase enzyme that are used to 
produce rebaudioside M. Furthermore, GLG’s Bacillus brevis and Bacillus licheniformis production 
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strains meet the criteria for Biosafety Level 1 organisms, as outlined by the National Institutes of 
Health (NIH, 2016). 

The major genetic modification of these strains is the directional deletion of certain genetic 
materials in order to accommodate the introduction of exogenous DNA materials for the production 
of the targeted enzymes, thereby making the resulting transformants more stable in achieving high 
density fermentation with optimum growth and protein expression profile. The systems GLG has 
developed demonstrate stable genetic transformation and can express the targeted proteins 
efficiently. The plasmids used in this particular project are pNYK and pNYY. 

UDP-glucosyltransferase 1, UDP-glucosyltransferase 2, and sucrose synthase are produced by 
Bacillus brevis and Bacillus licheniformis strains by fermentation of the genetically-engineered 
Bacillus under standard culture conditions. After fermentation, the reaction solution is heat-treated 
to disrupt the reaction. The enzymes are then obtained through modular membrane filtration of the 
fermentation broths to remove impurities. 

B.  Manufacturing Processes  

GLG manufactures Festeviol RM95 in a process that uses genetically-modified bacterial strains 
that produce glucosyltransferase and sucrose synthase enzymes that facilitate the transfer of 
glucose to small molecules via glycosidic bonds. 

1. Bioconversion Process 

The recombinant E. coli or Bacillus strains containing the target enzymes are precultured as a 
seed cultivation and then transferred to a large fermenter for scale-up. The glucosyltransferase 
and sucrose synthase enzymes produced in the host bacteria cells are secreted into the culture 
supernatant. After fermentation, the reaction solution is heat-treated to disrupt the reaction. The 
enzymes are then obtained through modular membrane filtration of the fermentation broth to 
remove impurities. 

GLG uses a purified steviol glycosides extract (> 95% total steviol glycosides) starting material, 
which is derived from Stevia rebaudiana leaves. Product specifications for the > 95% steviol 
glycosides starting material are provided in Appendix 1. 

The stevia extract, sucrose, and prepared enzymes are mixed in the fermentation tank and 
bioconversion is allowed to proceed. After the bioconversion is completed, the reaction solution is 
centrifuged, and the supernatant is collected for downstream purification processes. 

2. Extraction & Purification 

The supernatant from the bioconversion process, described above, is filtered through columns 
packed with macroporous adsorption resin. The ion exchange resin concentrates the rebaudioside 
M, which is eluted with food grade ethanol and spray dried. The spray dried rebaudioside M is 
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dissolved in ethanol, crystallized, and filtered. The crystallization and drying processes are 
repeated one or several more times using ethanol to obtain high purity rebaudioside M. The 
rebaudioside M crystals are finally separated by plate filtration and vacuum dried to obtain the 
finished dry powder product, Festeviol RM 95. 

The manufacturing process is summarized in a flow chart provided in Figure 2. 

The food grade ethanol used in the macro porous resin chromatography and crystallization 
processes complies with Food Chemicals Codex (FCC) 8th Edition specifications. The ion 
exchange resin used in the manufacturing process complies with 21 CFR 173.65. GLG’s 
Festeviol RM 95 is prepared in accordance with CGMP. Certificates of analyses and/or 
specifications for these materials are provided in Appendix 1. 
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Figure 2. Flow Chart of Manufacturing Process for GLG’s Festeviol™ RM 95 
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C.  Product Specifications  

1. JECFA Specifications for Steviol Glycosides 

The compositions of extracts of Stevia rebaudiana Bertoni depend upon the compositions of the 
harvested leaves, which are, in turn, influenced by soil, climate, and the manufacturing process 
itself (FAO, 2007). 

In the most recent Joint FAO/WHO Expert Committee on Food Additives (JECFA) monograph, 
published in 2017 (FAO, 2017), steviol glycosides specifications were modified to include a 
minimum requirement of not less than 95% total steviol glycosides, on a dry basis, “determined as 
the sum of all compounds containing a steviol backbone conjugated to any number, combination or 
orientation of saccharides (glucose, rhamnose, fructose, deoxyglucose xylose, galactose, 
arabinose and xylose) occurring in the leaves of Stevia rebaudiana Bertoni.” 

JECFA’s 2017 monograph describes steviol glycosides as white-to-yellow powders that are 
odorless or have a slight characteristic odor and exhibit a sweetness that is 200-300 times greater 
than that of sucrose. The ingredient must consist of a minimum of 95% total steviol glycosides, as 
defined above. The steviol glycosides are freely soluble in a 50:50 mixture of ethanol and water, 
and the 1 in 100 solutions exhibit pH values between 4.5 and 7.0. The product should not have 
more than 1% ash, with no more than a 6% loss on drying at 105C after 2 hours. Any residual 
methanol levels should not exceed 200 mg per kg, and ethanol residues should not exceed 5,000 
mg per kg. Arsenic and lead levels should not exceed 1 mg per kg. Microbiological criteria have 
also been established, with specifications of no more than 1,000 colony forming units (CFU) per 
Todorov et al. (2011)total plate count, not more than 200 CFU per g yeasts and molds, and E. coli 

and Salmonella negative in 1 g and 25 g, respectively. 

2. Specifications for GLG’s Festeviol High Purity Rebaudioside M Preparation and 
Supporting Methods 

GLG’s Festeviol RM 95 preparation meets or exceeds JECFA recommendations, while also 
complying with Food Chemicals Codex (FCC, 2010) specifications for rebaudioside A as a 
consumable human food substance. The compositions of five non-consecutive batches of GLG’s 
Festeviol RM 95 are compared with the JECFA and FCC specifications in Table 1. 
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Table 1. Specifications for GLG’s Festeviol RM 95 

PHYSICAL & CHEMICAL 

PARAMETERS 

JECFAa 

SPECIFICATIONS 

STEVIOL 

GLYCOSIDES 

FCCb 

SPECIFICATIONS 

REBAUDIOSIDE A 

GLG’s Specifications 

for 

Festeviol RM 95 

FESTEVIOL RM 95 REPRESENTATIVE BATCHES 

Batch Number Batch Number Batch Number Batch Number Batch Number 

Appearance Form Powder 
Crystal, granule or 

powder 
Powder Powder Powder Powder Powder Powder 

Appearance Color 
White to light 

Yellow 
White to off-white White White White White White White 

Solubility 

Freely soluble in 

water: ethanol 

(50:50) 

Freely soluble in 

water:ethanol 

(50:50) 

NSc NS NS NS NS NS 

Purity 

(HPLC Area) 

≥95% Steviol 

Glycosides 
≥ 95% Reb A 

≥ 95.0% Reb M 

≥95% Total Steviol 

Glycosides 

96.29% 

98.69% 

96.12% 

98.65% 

96.62% 

98.43% 

96.70% 

98.90% 

96.32% 

98.78% 

Residual Ethanol NMT 5,000 mg/kg NMT 0.5%  5,000 ppm 2,321.8 ppm 1,265.4 ppm 1,873.8 ppm 1,678.3 ppm 1,587.3 ppm 

Residual Methanol NMT 200 mg/kg NMT 0.02%  200 ppm 38.6 ppm 78.9 ppm 91.4 ppm 58.9 ppm 83.5 ppm 

Loss on Drying NMT 6.0% NMT 6.0%  6.0% 2.68% 2.32% 2.92% 2.28% 2.53% 

pH, 1% Solution 4.5-7.0 4.5-7.0 4.5-7.0 5.2 5.6 5.1 5.7 5.5 

Total Ash NMT 1% NMT 1%  1.0% 0.05% 0.07% 0.08% 0.07% 0.09% 

Arsenic NMT 1 mg/kg NMT 1 mg/kg  1.0 ppm 0.06 ppm 0.02 ppm 0.03 ppm 0.05 ppm 0.04 ppm 

Lead NMT 1 mg/kg NMT 1 mg/kg  1.0 ppm 0.07 ppm 0.03 ppm 0.05 ppm 0.04 ppm 0.02 ppm 

Cadmium NS NS  1.0 ppm 0.01 ppm 0.03 ppm 0.01 ppm 0.02 ppm 0.01 ppm 

Mercury 

Total Plate Count (cfu/g, max) 

NS 

NMT 1,000 

NS 

NS 

 1.0 ppm 

< 1,000 

0.02 ppm 

< 10 

0.01 ppm 

< 10 

0.01 ppm 

< 10 

0.01 ppm 

< 10 

0.03 ppm 

< 10 

Yeast & Mold (cfu/g, max) NMT 200 NS < 100 < 10 < 10 < 10 < 10 < 10 

E. coli (mpn/g) Negative in 1 g NS <3 < 3 < 3 < 3 < 3 < 3 

Salmonella spp. Negative in 25 g NS Negative in 25 g Negative Negative Negative Negative Negative 

Staphylococcus aureus NS NS <10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g < 10 cfu/g 
a Prepared at 84th JECFA (2017) 
b Rebaudioside A Monograph. Food Chemicals Codex (7th Ed.). (FCC, 2010) 
c GLG has not set solubility specifications for Festeviol RM 95; however, solubility data presented in Appendix 4 demonstrate that the preparation meets JECFA recommendations for steviol glycosides. 
Andersen et al. (2013)= not specified; NMT = not more than 
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In addition to the presentation of key specifications found in Table 1 for comparison with generally 
accepted purity standards, certificates of analysis for five representative lots of Festeviol RM 95 

are provided in Appendix 2. The chromatograms for representative lots of Festeviol RM 95 are 
provided in Appendix 3. 

GLG has also tested the solubility of five representative lots of material in water:ethanol (50:50). All 
five lots were found to be freely soluble, demonstrating that GLG’s Festeviol RM 95 preparation 
meets JECFA recommendations for steviol glycosides. A solubility study report is provided in 
Appendix 4. 

GLG analyzes its Festeviol RM 95 preparation by high performance liquid chromatography 
(HPLC), following the JECFA’s ‘Steviol Glycosides from Stevia rebaudiana Bertoni’ monograph 
(FAO, 2017). Test reports for analysis of pesticide residues and residual protein in a representative 
lot of Festeviol RM 95 are located in Appendix 5 and Appendix 6, respectively. The collection of 
these reports demonstrates that the substance is well characterized and meets the established 
purity criteria. 

D.  Physical or Technical Effect  

GLG determined the relative sweetness of Festeviol RM 95 to be 200 X sweeter than sucrose by 
organoleptic comparison following the method outlined in Appendix 7. 

E.  Stability  

1. Stability Data on Steviol Glycosides and Rebaudioside M 

Steviol glycosides have been reported to be stable over the pH range 3-9 and can be heated at 
100oC for 1 hour, but, at pH levels greater than 9, they rapidly decompose (Kinghorn, 2002). In 
previously submitted GRAS Notifications, GRN 252 (Merisant, 2008), GRN 253 (Cargill, 2008), and 
GRN 304 (Sunwin/WILD, 2010) reported stability data indicating that rebaudioside A is stable 
under the intended conditions of use. 

The stability of purified rebaudioside M has previously been reviewed in detail in a number of 
GRNs, including GRN 4733 (PureCircle, 2013b), GRN 512 (GLG, 2014), GRN 667 (Blue California, 
2016), GRN 744 (PureCircle, 2018a), GRN 745 (PureCircle, 2018b), and GRN 780 (Tate and Lyle, 
2018). 

Furthermore, in the over 50 GRAS Notifications that have been submitted to FDA to date for steviol 
glycosides, the presented stability data have supported the position that steviol glycosides are 
stable and well-suited for the intended uses in foods. 

3 GRN 473 was originally filed as Rebaudioside X. The FDA “no questions” letter clarified the nomenclature of the subject ingredient as 

Rebaudioside M. 
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2. Stability Data for GLG’s Festeviol RM 95 

GLG conducted a 6-month stability study of five lots of Festeviol RM 95. The samples were 
stored at 40°C ± 2°C at a relative humidity of 75% ± 5%. Festeviol RM 95 was observed to be 
stable over the course of the accelerated stability study, as demonstrated in Table 2. 

Table 2. Festeviol RM 95 Storage Stability Data 

Festeviol RM 95 Lot# 

Duration Reb M (%) 

Total Steviol 

Glycosides 

(%) 

Total Plate 

Count (cfu/g) 
Salmonella E. coli Staphylococcus 

t=0 96.70 98.90 < 10 Negative Negative Negative 

1 month 96.60 98.82 < 10 Negative Negative Negative 

2 months 96.32 98.37 < 10 Negative Negative Negative 

3 months 96.12 98.81 < 10 Negative Negative Negative 

4 months 95.92 98.62 < 10 Negative Negative Negative 

5 months 96.20 98.52 < 10 Negative Negative Negative 

6 months 95.71 98.43 < 10 Negative Negative Negative 

Festeviol RM 95 Lot# 

Duration Reb M (%) 

Total Steviol 

Glycosides 

(%) 

Total Plate 

Count (cfu/g) 
Salmonella E. coli Staphylococcus 

t=0 96.32 98.78 < 10 Negative Negative Negative 

1 month 96.53 98.89 < 10 Negative Negative Negative 

2 months 96.48 98.82 < 10 Negative Negative Negative 

3 months 96.01 98.78 < 10 Negative Negative Negative 

4 months 95.78 98.65 < 10 Negative Negative Negative 

5 months 96.10 98.43 < 10 Negative Negative Negative 

6 months 95.58 98.52 < 10 Negative Negative Negative 

Festeviol RM 95 Lot# 

Duration Reb M (%) 

Total Steviol 

Glycosides 

(%) 

Total Plate 

Count (cfu/g) 
Salmonella E. coli Staphylococcus 

t=0 96.62 98.43 < 10 Negative Negative Negative 

1 month 96.73 98.98 < 10 Negative Negative Negative 

2 months 96.58 98.59 < 10 Negative Negative Negative 

3 months 96.32 98.76 < 10 Negative Negative Negative 

4 months 95.89 98.82 < 10 Negative Negative Negative 

5 months 95.67 98.47 < 10 Negative Negative Negative 

6 months 95.45 98.59 < 10 Negative Negative Negative 
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Festeviol RM 95 Lot# 

Duration Reb M (%) 

Total Steviol 

Glycosides 

(%) 

Total Plate 

Count (cfu/g) 
Salmonella E. coli Staphylococcus 

t=0 96.12 98.65 < 10 Negative Negative Negative 

1 month 96.35 98.76 < 10 Negative Negative Negative 

2 months 96.48 98.58 < 10 Negative Negative Negative 

3 months 96.07 98.81 < 10 Negative Negative Negative 

4 months 95.82 98.78 < 10 Negative Negative Negative 

5 months 96.01 98.78 < 10 Negative Negative Negative 

6 months 95.92 98.73 < 10 Negative Negative Negative 

Festeviol RM 95 Lot# 

Duration Reb M (%) 

Total Steviol 

Glycosides 

(%) 

Total Plate 

Count (cfu/g) 
Salmonella E. coli Staphylococcus 

t=0 96.29 98.69 < 10 Negative Negative Negative 

1 month 96.32 98.76 < 10 Negative Negative Negative 

2 months 96.10 98.87 < 10 Negative Negative Negative 

3 months 96.28 98.59 < 10 Negative Negative Negative 

4 months 95.98 98.63 < 10 Negative Negative Negative 

5 months 95.86 98.51 < 10 Negative Negative Negative 

6 months 95.62 98.46 < 10 Negative Negative Negative 

The stability data in the scientific literature for stevioside, the JECFA report, and the extensive 
stability testing for the structurally similar rebaudioside A as presented by Merisant, Cargill, and 
Sunwin & WILD Flavors, along with stability data for purified rebaudioside M presented in 6 
previous GRNs in concert with GLG’s accelerated stability testing results, support the position that 
GLG’s Festeviol RM 95 preparation is well-suited for the intended food uses. 

In addition, GLG claims a 2-year shelf life for Festeviol RM 95. 

PART 3.  DIETARY EXPOSURE  

The subject GLG Festeviol RM 95 preparation is intended to be used as a table top sweetener 
and general-purpose non-nutritive sweetener in various foods other than infant formulas and meat 
and poultry products. The intended use will be as a non-nutritive sweetener as defined in 21 CFR 
170.3(o)(19).4 The intended use levels will vary by actual food category, but the actual levels are 
self-limiting due to organoleptic factors and consumer taste considerations. However, the amounts 

4 Non-nutritive sweeteners: Substances having less than 2 percent of the caloric value of sucrose per equivalent unit of sweetening capacity. 
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of GLG’s Festeviol RM 95 preparation to be added to foods will not exceed the amounts 
reasonably required to accomplish its intended technical effect in foods as required by FDA 
regulation.5 

A.  Estimate of Dietary Exposure to the Substance  

The potential dietary intake of sugar-replacement sweeteners, including steviol glycosides, has 
been evaluated in a number of published studies (FSANZ, 2008; WHO, 2003; Renwick, 2008) or 
GRAS Notifications (Merisant, 2008; BioVittoria, 2009). These are summarized in Appendix 8. In 
GRAS notification 301, a simplified estimate was proposed to, and accepted by, FDA based on the 
estimates of exposure in “sucrose equivalents” (Renwick, 2008) and the sweetness intensity of any 
particular sweetener (BioVittoria, 2009). As summarized in GRN 301, the 90th percentile consumer 
of a sweetener which is 100 times as sweet as sucrose when used as a total sugar replacement 
would consume a maximum of 9.9 mg per kg body weight (bw) per day for any population 
subgroup. 

The estimated sweetness intensity for GLG’s Festeviol RM 95 is approximately 200-fold that of 
sucrose (Part 2.D). Therefore, the highest 90th percentile consumption by any population subgroup 

of GLG’s Festeviol RM 95 preparation would be approximately 4.95 mg per kg bw rebaudioside 
M per day. Based on an estimate that rebaudioside M consists of approximately 25% steviol 
equivalents,6 the consumption would be less than 1.22 mg per kg bw per day on a steviol 
equivalents basis for any population group. These calculations are summarized in Table 3. 

Table 3. Daily Intake of Sweeteners (in Sucrose Equivalents) & Estimated Daily Intakes
of Rebaudioside M 

Population 
Group 

Intakes of Sweeteners 
(mg sucrose/kg 

bw/day)a 

Calculated Intake of 
Reb M 

(mg/kg bw/day)b 

Calculated Intake of Reb 
M as Steviol Equivalents 

(mg/kg bw/day) c 

Low High Low High Low High 
Healthy 

Population 
255 675 1.28 3.38 0.31 0.83 

Diabetic Adults 280 897 1.40 4.49 0.34 1.10 
Healthy 
Children 

425 990 2.13 4.95 0.52 1.22 

Diabetic 
Children 

672 908 3.36 4.54 0.83 1.12 

a From Renwick (2008) 
b Calculated by dividing the sucrose intake by the minimum average relative sweetness value of 200 for Festeviol RM 95. 
c Calculated based on the ratio of molecular weights of Reb M and steviol. 

5 See 21 CFR 182.1(b)(1). 
6 Calculated as percent of molecular weight of steviol to molecular weight of rebaudioside M. 
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The values in Table 3 assume GLG’s Festeviol RM 95 preparation constitutes the entire 
sweetener market, which makes these estimates extremely conservative since the likelihood of 
that occurrence is minimal. For the general healthy adult population, the estimated maximum 
intake of rebaudioside M is 3.38 mg per kg bw per day, or 0.83 mg per kg steviol equivalents. For 
healthy children, the estimated maximal intake is 4.95 mg per kg bw per day, or 1.22 mg per kg as 
steviol equivalents. In all population groups, the estimated daily intake of Festeviol RM 95, 
expressed as steviol equivalents, is well below the JECFA-established acceptable daily intake 
(ADI) of 4.0 mg per kg bw per day steviol equivalents. 

B.  Estimated Dietary  Exposure to Any  Other Substance  That is  Expected to be Formed In or 
On Food  

This section is not applicable to GLG’s Festeviol RM 95 product, which would be chemically 
stable under conditions of use. 

C.  Dietary Exposure to Contaminants or Byproducts  

While a recent publication by Kumari et al. (2016) investigated the Total Phenolic Content (TPC), 
Total Flavonoid Content (TFC), and Total Antioxidant Capacity (TAC) in S. rebaudiana leaf --- and 
the observed activity has been attributed to naturally-occurring phytochemicals such as phenolics, 
flavonoids, and pigments in the plant --- the study has minimal relevance with regard to the safety 
considerations of highly purified stevia extract, of which  95% consists of the most familiar steviol 
glycosides and their glucosylated steviosides. These phytochemical contaminants, if present, are 
in low amounts, and were likely similarly present in purified test materials that were used in the 
toxicology studies summarized in Appendix 9. 

Furthermore, no concerns regarding dietary exposure to contaminants or byproducts have been 
raised by expert regulatory bodies, including the World Health Organization/Joint FAO/WHO 
Expert Committee on Food Additives (WHO/JECFA), European Food Safety Authority (EFSA), 
Food Standards Australia New Zealand (FSANZ), and FDA, since JECFA’s first steviol glycosides 
review was performed in 2000 (WHO, 2000). 

PART 4.  SELF-LIMITING LEVELS  OF USE  

It has been well-documented in the published literature that the use of steviol glycosides is self-
limiting due to organoleptic factors and consumer taste considerations (Kochikyan et al., 2006; 
Carakostas et al., 2008; Brandle et al., 1998; Prakash et al., 2008; Gupta et al., 2016; Gerwig et 
al., 2016). These organoleptic factors include bitterness and astringency, as well as a lingering 
metallic aftertaste (Gerwig et al., 2016). 
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PART 5.  EXPERIENCE BASED ON COMMON USE IN FOOD BEFORE 1958  

A.  Other Information on Dietary  Exposure  

1. History of Traditional Medicinal and Human Food Use 

Stevia has been used as a traditional medicine and sweetener by native Guarani tribes for 
centuries (Esen, 2016; Gerwig et al., 2016; Brusick, 2008; Brandle et al., 1998). Hawke (2003) 
reported that stevia is commonly used as a treatment for type 2 diabetes in South America. 
However, for its therapeutic effects, elevated doses in the range of 1 gram per person per day or 
more were reported to be necessary (Gregersen et al., 2004). 

For about 30 years, consumers in Japan and Brazil, where stevia has long been approved as a 
food additive, have been using stevia extracts as non-caloric sweeteners (Raintree, 2012). It was 
previously reported that 40% of the artificial sweetener market in Japan had been stevia based and 
that stevia is commonly used in processed foods in Japan (Lester, 1999). Use of steviol glycosides 
as a dietary supplement is presently permitted in the US, Canada, Australia, and New Zealand, 
and as a natural health product in Canada. It has wide use in China and Japan in food and in 
dietary supplements. In 2005, it was estimated that sales of stevia in the US reached $45 million 
(Newsday, 2006). 

NewHope360 reported that the global market for stevia in 2014 was $347 million, and that is 
expected to increase to $565.2 million by 2020. In addition, consumption is expected to increase 
from 2014 levels of 5,100.6 tons to 8,506.9 tons by 2020 (NewHope360, 2015). 

Most recently, Nutritional Outlook reported that Mintel data indicated a 48% increase in stevia-
containing products over the last five years (Decker and Prince, 2018). 

B.  Summary of Regulatory  History of Steviol Glycosides  

Stevia-derived sweeteners are permitted as food additives in South America and in several 
countries in Asia, including China, Japan, and Korea. In recent years, these sweeteners have 
received food usage approvals in Mexico, Australia, New Zealand, Switzerland, France, Peru, 
Uruguay, Colombia, Senegal, Russia, Malaysia, Turkey, Taiwan, Thailand, Israel, Canada, and 
Hong Kong (EFSA, 2010; Watson, 2010; Health Canada, 2012). In the United States, steviol 
glycosides have been used as a dietary supplement since 1995 (Geuns et al., 2003a). 

A brief overview of the most recent regulatory activity regarding steviol glycosides is presented 
below in Part 5.B. Sections 1-5; a more detailed historical overview is provided in Appendix 10. 

1. U.S. Regulatory History 

Based on available information from FDA’s GRAS Notice Inventory website (FDA, 2018) as of 
November 28, 2018, FDA has issued 56 “no questions” letters on GRAS notices on rebaudioside 
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A, rebaudioside D, rebaudioside M, or steviol glycosides, including those undergoing enzyme 
treatment. A comprehensive list is provided in Table 10-1 in Appendix 10. 

In addition, the Flavor and Extract Manufacturers Association (FEMA) includes nine steviol 
glycosides preparations, one of which is for an enzymatically modified stevia extract, on their 
GRAS lists. 

2. Canadian Regulatory History 

On November 30, 2012, Health Canada published its final clearance for use of steviol glycosides 
as a sweetener in foods (Health Canada, 2012). In March 2014, Health Canada updated the List of 
Permitted Sweeteners (Lists of Permitted Food Additives) to include steviol glycosides in 
applications as a table-top sweetener and as an ingredient in a variety of foods, beverages, baked 
goods, meal replacement bars, condiments, and confectionary and gums (Health Canada, 2014). 
On January 15, 2016, Health Canada approved the use of rebaudioside M as a high-intensity 
sweetener under the same conditions as the previously approved steviol glycosides (Health 
Canada, 2016). 

Most recently, Health Canada’s Food Directorate has updated its List of Permitted Sweeteners to 
allow for the use of steviol glycosides as a sweetener in ‘unstandardized snack bars,’ including 
granola bars, cereal bars, fiber bars, and protein isolate-based bars (Health Canada, 2017b). 
Health Canada (2017a) also modified the List of Permitted Sweeteners to include “all the steviol 
glycosides in the Stevia rebaudiana Bertoni plant (stevia plant).” 

3. European Regulatory History 

An amendment to the European Union (EU) food additives regulation 231/2012, which became 
active on November 3, 2016, removed the previous requirement for stevia blends to contain at 
least 75% Reb A or stevioside. In addition, the updated regulation ---(EU) 2016/1814---now permits 
the following steviol glycosides in stevia blends: stevioside, rebaudiosides A, B, C, D, E, F and M, 
steviolbioside, rubusoside, and dulcoside (Searby, 2016). 

The EFSA Panel of Food Additives and Nutrient Sources reviewed an application for glucosylated 
steviol glycoside preparations for use as a new food additive. The Panel concluded that the data 
supplied by the applicant were “insufficient to assess the safety” of the glucosylated steviol 
glycosides preparation. It should be noted that no safety concerns were raised by the EFSA Panel, 
and that their decision was based on the “limited” data provided in the dossier submitted by the 
applicant (EFSA, 2018). 

Recently, JECFA updated the steviol glycosides specifications to include a minimum requirement 
of not less than 95% total steviol glycosides, on a dry basis, “determined as the sum of all 
compounds containing a steviol backbone conjugated to any number, combination or orientation of 
saccharides (glucose, rhamnose, fructose, deoxyglucose xylose, galactose, arabinose and xylose) 
occurring in the leaves of Stevia rebaudiana Bertoni.” Microbiological criteria were also 
GRAS ASSOCIATES, LLC Page 21 of 136 



  

  

 

    
  

  

 
    

    

   
   

    
    

  
   

     
        

  

 
 

  
 

     
   

   
   

    
  

        
    

    
     

  

GRAS Notice –Festeviol RM 95 
GLG Life Tech Corporation 2/19/19 

established, with specifications of no more than 1,000 CFU per g total plate count, not more than 
200 CFU per g yeasts and molds, and E. coli and Salmonella negative in 1 g and 25 g, 
respectively (FAO, 2017). 

4. Asian Regulatory History 

No regulatory updates have been identified in recent years. The Asian regulatory history for steviol 
glycosides through 2014 is presented in Appendix 10. 

5. Other Regulatory History 

FSANZ called for submissions on permitting all minor steviol glycosides extracted from stevia leaf 
to be included in the definition of steviol glycosides in the Food Standards Code, noting that “[no] 
evidence was found to suggest that the proposed changes pose any public health and safety 
concerns.” The submission period ended on December 19, 2016 (FSANZ, 2016b). Subsequently, 
on February 8, 2017, FSANZ approved a draft variation of the definition of steviol glycosides to 
include all steviol glycosides present in the Stevia rebaudiana leaf (FSANZ, 2017). 

Most recently, FSANZ called for comments on the production of Reb M using enzymes derived 
from genetically modified yeast (Pichia pastoris). The comment period closed on August 31, 2018 
(FSANZ, 2018b). Subsequently, on October 31, 2018, FSANZ approved a draft variation to include 
a reference to the production method (FSANZ, 2018a). The final variation for Reb M was approved 
on January 10, 2019, and subsequently published in the Commonwealth of Australia Gazette No. 
FSC 124 on January 23, 2019 (FSANZ, 2019). 

PART 6.  NARRATIVE  

The biological, toxicological, and clinical effects of stevia and steviol glycosides have been 
extensively reviewed (Carakostas et al., 2008; Geuns et al., 2003a; Huxtable, 2002). Additionally---
and as noted earlier---the national and international regulatory agencies have thoroughly reviewed 
the safety of stevia and its glycosides. Most notably, over the years, JECFA has evaluated purified 
steviol glycosides multiple times (WHO, 2000; WHO, 2006; WHO, 2007; WHO, 2008), and their 
findings have been summarized in Part 5.B.3. FSANZ (2008) also evaluated steviol glycosides for 
use in food. The JECFA reviews, as well as the other reviews completed before 2008, primarily 
focused on mixtures of steviol glycosides. These studies are summarized in Appendix 11. 

Since the JECFA evaluation (WHO, 2008), FDA has received and not objected to over fifty GRAS 
notifications for steviol glycosides or enzyme modified steviol glycosides that have been submitted 
to FDA, as detailed in Table 10-1 in Appendix 10 (Perrier et al., 2018). In each case, FDA has 
agreed with the conclusions that steviol glycosides are GRAS based largely on the 0-4 mg per kg 
bw per day ADI on a steviol equivalence basis that was established by JECFA. A recent 
publication by Roberts et al. (2016) indicates that the ADI could be higher, as discussed further in 
Appendix 8. Among the GRAS notifications submitted to FDA, several assessed purified 
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preparations of rebaudioside A, and they were supported by additional toxicology and clinical 
studies that are summarized in Appendix 12. 

Because of their sweetness characteristics, steviol glycosides have viable uses as a non-nutritive 
sweetener in foods.7 Periodic reviews by JECFA over the years indicate the progression of 
knowledge on the toxicology of steviol glycosides. Several early safety-related studies on these 
compounds were performed on crude extracts of stevia. These studies also included multiple 
investigations with in vivo and in vitro models, which explored the biological activity of stevia 
extracts at high doses or high concentrations. These early investigations raised several concerns, 
including impairment of fertility, renal effects, interference with glucose metabolism, and inhibition 
of mitochondrial enzymes. In recent years, as more and more studies were performed on purified 
glycosides, the toxicology profile of steviol glycosides eventually proved to be rather unremarkable. 
A number of subchronic, chronic, and reproductive studies have been conducted in laboratory 
animals. These studies were well designed with appropriate dosing regimens and adequate 
numbers of animals to maximize the probability of detection of important effects. Notably, the 
initially reported concerns related to the effects of stevia leaves or crude extracts on fertility were 
refuted by the well-designed reproductive studies with purified steviol glycosides. All other 
concerns failed to manifest themselves at the doses employed in the long-term rat studies. 

As discussed in Appendix 11 and elsewhere, at its 51st meeting, JECFA determined that there 
were adequate chronic studies in rats, particularly the study by Toyoda et al. (1997), to establish a 
temporary ADI of 0-2 mg per kg bw per day with an adequate margin of safety (Toyoda et al., 
1997). The Committee also critically reviewed the lack of carcinogenic response in well-conducted 
studies. These studies validated the Committee conclusion that the in vitro mutagenic activity of 
steviol did not present a risk of carcinogenic effects in vivo and, therefore, all common steviol 
glycosides that likely share the same basic metabolic and excretory pathway and that use high 
purity preparations of various steviol glycosides, are safe as a sugar substitute. Subsequently, the 
additional clinical data reviewed by JECFA allowed the Committee to establish a permanent ADI of 
0-4 mg per kg bw per day (based on steviol equivalents). 

Recently, JECFA published a safety evaluation of a number of food additives, including steviol 
glycosides. The JECFA committee reviewed information supporting the safety of a Yarrowia 

lipolytica fermentation-produced rebaudioside A, which included a 90-day rat toxicity study and two 
in vitro genotoxicity studies, as well as in vitro colonic microflorae hydrolysis studies in several 

7 It has also been reported that steviol glycosides may have pharmacological properties, which can be used to treat certain disease conditions 
such as hypertension and type 2 diabetes. Chatsudthipong and Muanprasat (2009), as well as others, have published reviews where they 
note that such therapeutic applications have not been firmly established as being due to steviol glycosides. The reviewers point out that the 
effects occur at higher doses than would be used for sweetening purposes. Furthermore, many effects noted in older studies may have been 
due to impurities in preparations that do not meet the contemporary purity specifications established by JECFA for use as a sweetener. If oral 
doses of steviol glycosides impart pharmacological effects, such effects would undoubtedly occur due to actions of the principal metabolite, 
steviol, but the pharmacological effects of steviol have not been comprehensively investigated. For a more comprehensive discussion of this 
subject, see Section 7 of Appendix 9. 
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steviol glycosides, toxicokinetic studies of stevioside in humans and rats, and literature published 
since the 69th meeting. 

The Committee noted that the most recent short-term toxicity studies were consistent with those 
reviewed at or prior to the 69th meeting, and that the new toxicokinetic study in humans did not 
have a large enough subject pool to provide reliable toxicokinetic estimates to derive an update 
ADI for steviol glycosides. The Committee confirmed the current ADI of 0-4 mg per kg bw steviol. 
In addition, the Committee prepared new “tentative” specifications for steviol glycosides, which was 
expanded to include “any mixture of steviol glycosides compounds derived from S. rebaudiana 

Bertoni” while retaining the requirement that the total percentage of steviol glycosides is  95% 
(WHO, 2017). 

GLG critically reviewed the JECFA assessments and agrees with the calculation of the ADI for 
steviol glycosides. 

Several published and unpublished studies (summarized in Appendix 12) on purified preparations 
of rebaudioside A showed an absence of toxicological effects in rats (Curry and Roberts, 2008; 
Nikiforov and Eapen, 2008) and dogs (Eapen, 2008) in subchronic studies, and an absence of 
reproductive (Curry and Roberts, 2008; Sloter, 2008a) and developmental effects (Sloter, 2008b) 
in rats. Most notably, pharmacokinetic studies in rats (Roberts and Renwick, 2008) and humans 
(Wheeler et al., 2008) on purified rebaudioside A follow the same pathway of being degraded to 
steviol by intestinal bacteria with subsequent rapid glucosylation and elimination in urine and feces. 

GLG concludes that these studies on rebaudioside A strengthen the argument that all steviol 
glycosides that follow the same metabolic pathway are safe at the JECFA established ADI. 

GLG has also reviewed the findings from human clinical studies, noting that ---with regard to the 
clinical effects reported in humans--- in order to corroborate the observations in these studies that 
these effects of steviol glycosides only occur in patients with either elevated blood glucose or blood 
pressure (or both). JECFA called for studies in individuals that are neither hypertensive nor 
diabetic (WHO, 2006). The supplemental data presented to JECFA and also published by 
Barriocanal et al. (2008) demonstrate the lack of pharmacological effects of steviol glycosides at 
11 mg per kg bw per day in normal individuals, or approximately slightly more than 4 mg per kg bw 
on the basis of steviol equivalents (Barriocanal et al., 2008). Clinical studies on purified 
rebaudioside A showed an absence of effects on blood pressure (Maki et al., 2008a) and blood 
glucose levels (Maki et al., 2008b) at doses slightly higher than the exposures expected in food. 
GLG concludes that there will be no effects on blood pressure and glucose metabolism in humans 
at the doses of steviol glycosides expected from its use in food as a non-nutritive sweetener. 

Two previously published studies summarized in Appendix 9 raised a potential concern regarding 
the toxicological effects of steviol glycosides. In one study, DNA damage was seen in a variety of 
organs as assessed by Comet assay in rats given drinking water containing 4 mg per mL steviol 
glycosides for up to 45 days (Nunes et al., 2007). Several experts in the field have since 
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questioned the methodology used in this study (Geuns, 2007; Williams, 2007; Brusick, 2008). GLG 
has reviewed the cited publications, along with the responses made by the authors (Nunes et al., 
2007b; Nunes et al., 2007c), and concurs with the challenges to the methodology utilized by Nunes 
et al. (2007), thereby discounting the validity and importance of this study. 

In another study with stevioside in rats, tartrate-resistant alkaline phosphatase (TRAP) levels were 
measured and found to be significantly decreased at doses as low as 15 mg per kg bw (Awney et 
al., 2011). TRAP is an enzyme that is expressed by bone-resorbing osteoclasts, inflammatory 
macrophages, and dendritic cells. This enzyme was not measured in any previous toxicology 
studies on steviol glycosides, nor has it been adequately vetted for application in toxicological 
studies. Critical reviews of this study by Carakostas (2012) and (Waddell, 2011) revealed a poor 
study design that included: insufficient numbers of animals; group-housing with the potential for 
stress-related changes; unreliable access to steviol via drinking water resulting in suspect dosing 
calculations in group-housed cages; no indication of fasting prior to blood collection (which affects 
many chemistry and hematological values); no urine collection; and no histopathological 
evaluations for confirmation of findings beyond the controls. Additionally, the report did not 
adequately describe mean or individual organ weight data, and it lacked comparison of study 
findings against laboratory historical control data. 

Urban et al. (2013) examined the extensive genotoxicity database on steviol glycosides because 
some concern has been expressed in two relatively recent publications (Brahmachari et al., 2011; 
Tandel, 2011) in which the authors concluded that additional testing is necessary to adequately 
address the genotoxicity profile (Urban et al., 2013). The review aimed to address this matter by 
evaluating the specific genotoxicity studies of concern, while evaluating the adequacy of the 
database that includes more recent genotoxicity data not noted in these publications. The results 
of this literature review showed that the current database of in vitro and in vivo studies for steviol 
glycosides is robust and does not indicate that either stevioside or rebaudioside A is genotoxic. 
This finding, combined with a paucity of evidence for neoplasm development in rat bioassays, 
establishes the safety of all steviol glycosides with respect to their genotoxic/carcinogenic 
potential. 

In addition, a recent paper by Shannon et al. (2016) raises a possible concern of endocrine 
disruption by steviol. GLG reviewed the publication and notes that the effects on progesterone 
production and on the action of progesterone (both antagonistic and agonistic) were observed in 

vitro in sperm cells. GLG concludes that it is difficult to translate in vitro concentrations to local 
concentrations in vivo at receptors and that no adverse effects were observed in well-conducted 
reproductive toxicology studies. Therefore, this study does not alter GLG’s opinion that steviol 
glycosides preparations are generally recognized as safe. A summary of this study is provided in 
Appendix 13. 

Philippaert et al. (2017) demonstrated that stevioside, rebaudioside A, and steviol potentiate the 
activity of transient receptor potential cation channel subfamily melastatin member 5 (TRPM5), a 
Ca2+-activated cation channel that is expressed in type II taste receptor cells and pancreatic -
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cells. The authors found that the steviol glycosides increased the perception of bitter, sweet, and 
umami tastes and also enhanced glucose-induced insulin secretion in a TRPM5-dependent 
manner. Furthermore, in vivo studies indicated that daily consumption of stevioside prevents high-
fat-induced diabetic hyperglycemia development in wild-type mice. No adverse events or animal 
deaths were discussed. 

A commercially available steviol glycoside extract (>99%, composition and brand unknown) was 
used to investigate genotoxicity in human peripheral blood lymphocytes. Uçar et al. (2017) 
observed no significant differences in chromosomal aberration induction or micronuclei between 
the control and treatment groups at 24 and 48 hr. These data support previous findings that steviol 
glycosides are not genotoxic. 

Panagiotou et al. (2018) observed that steviol and steviol glycosides exert glucocorticoid receptor-
mediated effects in human leukemic T-cells (Jurkat cells) but not in normal human peripheral blood 
mononuclear cells, which they concluded was due to a cell-type specific manner of glucocorticoid 
receptor-modulation. 

Thøgersen et al. (2018) investigated the effect of rebaudioside A, stevioside, and steviol on 
porcine cytochrome p450 (CYP) expression and activity to assess their potential food-drug 
interactions in the IPEC-J2 cell line, which is a non-transformed cell line derived from intestinal 
porcine epithelial cells and in primary hepatocytes. The authors reported that there were no 
changes in CYP messenger ribonucleic acid (mRNA) expression following treatment of IPEC-J2 
cells with rebaudioside A, stevioside, and steviol compared with control. Treatment of primary 
hepatocytes resulted in increases in CYP329 mRNA at low concentrations of rebaudioside A and 
steviol, and at all concentrations of stevioside. The authors reported that while treatment with the 
steviol glycosides tested over 24 hours resulted in minor increases in CYP3A29 mRNA expression 
(< 2.0-fold), “no direct effect on CYP activity” was observed. The authors concluded that 
rebaudioside A, stevioside, and steviol are unlikely to cause a food-drug interaction but noted that 
the study could not predict long term effects and effects in vivo. 

A recently published study addressed the genotoxic activity of stevia (Svetia, purity not 
reported8). Human lymphocytes were treated with 5% and 0.5% Svetia for 2 hours. No 
statistically significant difference in genetic damage was observed in the 0.5% treatment 
concentration compared to the negative control, while the 5% treatment concentration resulted in a 
statistically significant difference (P<0.0001) compared to the control, with a decrease in migration 
average. The authors described the effect as being beneficial. Human lymphocytes treated with 
10% Svetia demonstrated significant (P<0.0001) genotoxic activity compared to the control; 
however, at treatment concentrations of 0.05%, 0.5%, and 5% Svetia, a significant (P<0.0001) 
decrease in average migration of DNA was observed compared to the control. The authors 
conclude that these results demonstrate the absence of genotoxicity at concentrations up to 5% 

8 While the purity of the material used for the study was not reported by Silva et al. (2018), a search of the manufacturer’s website 
(www.svetia.us) indicates that the trademarked material is a blend of cane sugar and 97% pure Reb A. 
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Svetia (Silva et al., 2018). It should be noted that these observations are inconsistent with data 
reported by Nunes et al. (2007); however, as discussed above, the validity and importance of the 
Nunes et al. study has been discounted given the questions surrounding the methodology. 

Chen et al. (2018) investigated the kinetics of steviol glycoside glucuronidation in human liver 
microsomes and a recombinant human uridine 5'-diphospho-(UDP) glucuronosyltransferase, 
UGT2B7. Steviol glucuronide was the sole product of steviol glycoside glucuronidation and steviol 
showed strong substrate inhibition of HLM and UGT2B7. The authors also reported that stevioside 
and rebaudioside A did not have a notable effect on the glucuronidation of steviol. Based on the 
predicted hepatic clearance of steviol, the authors inferred that steviol exhibits high clearance. 

As detailed in GRN 473, PureCircle Ltd. studied the metabolism of rebaudioside X (i.e., Reb M) by 
in vitro methods (PureCircle, 2013b) similar to those used in previous studies with enzyme treated 
stevia extract (Koyama et al., 2003b; NOWFoods, 2010) and Rebaudioside D (PureCircle, 2013a; 
Nikiforov et al., 2013). Rebaudioside X (Reb M) was incubated with pooled fecal homogenates 
over the course of 24 hours at 37C under anaerobic conditions. After 16 hours, the rebaudioside 
X (Reb M) was completely hydrolyzed to steviol. In a parallel study, rebaudioside A was also 
completely converted to steviol after 16 hours of incubation. Reb A was metabolized more quickly 
than Reb X (Reb M), and the observation was attributed to the two additional glucose moieties 
being present in Reb X (Reb M) (PureCircle, 2013b). 

The results of this study were recently published comparing anaerobic in vitro metabolism of 
rebaudiosides A, B, D, and M (Purkayastha et al., 2014). In all cases, the rebaudiosides were 
hydrolyzed to steviol within 24 hours with the majority of metabolism occurring within the first 8 
hours. Metabolism of rebaudiosides took longer at higher concentrations (2.0 mg per mL vs. 0.2 
mg per mL). There were no marked differences in rate or extent of hydrolysis observed between 
male and female fecal homogenates or the individual rebaudiosides (Purkayastha et al., 2014). 
Results from this study corroborate the presumption of safety of rebaudioside M, given that it is 
observed to have a similar metabolism to that of Reb A. 

GLG agrees with the safety conclusions of the 56 GRAS Expert Panels in the notifications for 
steviol glycosides previously submitted to FDA that resulted in "no questions" responses from FDA 
(as summarized in Appendix 10), JECFA (WHO, 2006; WHO, 2008), and Renwick (2008) that a 
sufficient number of good quality health and safety studies exist to support the determination that 
purified preparations of steviol glycosides, when added to food at levels up to full replacement of 
sucrose on a sweetness equivalency basis, meet FDA’s definition of safe. 

GLG concludes that it is reasonable to apply the JECFA ADI of 4 mg per kg bw per day for steviol 
glycosides (expressed on a steviol basis) to GLG’s Festeviol RM 95. Therefore, with the steviol 
equivalence values shown in Table 3, GLG concludes that, for the general population, the 
estimated maximum daily intake of GLG’s Festeviol RM 95 is 4.95 mg per kg bw or 1.22 mg per 
kg expressed as steviol equivalents. Based upon these calculations, the intake of GLG’s 
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Festeviol RM 95 safely aligns with the 4 mg per kg bw per day ADI expressed as steviol 
equivalents as determined by JECFA. 

GLG’s Festeviol RM 95 preparation contains not less than 95% rebaudioside M. Given the 
structural similarities with rebaudioside A, stevioside, and other steviol glycosides, and considering 
analogous metabolic pathways for all these substances, the safety data on stevia and its other 
components have a direct bearing on the present safety assessment for Festeviol RM 95. This is 
further supported by over a decade and a half of scientific studies on the safety of these 
substances, along with the fact that the major regulatory bodies view the results of toxicology 
studies on either stevioside or rebaudioside A as applicable to the safety assessment of all known 
steviol glycosides, since all are metabolized and excreted by similar pathways, with steviol being 
the common metabolite for each. The foundational safety of Reb A, other steviol glycosides and 
steviol has been summarized, with key studies detailed in Appendix 9, Appendix 11, Appendix 12, 
and Appendix 13. 

In addition, GLG affirms that its Festeviol RM 95 preparation is manufactured under CGMP 
conditions with raw materials and processing aids that meet the appropriate food grade 
regulations. GLG has established sufficient rigorous product specifications based upon FCC and 
JECFA monographs---which are consistent with other steviol glycosides on the market---and has 
demonstrated batch-to-batch consistency against these specifications. 

Furthermore, GLG has reviewed this safety information and has concluded that Festeviol RM 95 
is generally recognized as safe for the proposed uses. 

A.  GRAS Criteria  

FDA defines “safe” or “safety” as it applies to food ingredients as: 

“…reasonable certainty in the minds of competent scientists that the substance is 
not harmful under the intended conditions of use.”9 

Amplification is provided in that the conclusion of safety is to include probable consumption of the 
substance in question, the cumulative effect of the substance and appropriate safety factors. It is 
FDA’s operational definition of safety that serves as the framework against which this evaluation is 
provided. 

Furthermore, in discussing GRAS criteria, FDA notes that: 

“…General recognition of safety requires common knowledge, throughout the 
expert scientific community knowledgeable about the safety of substances directly 

9 See 21 CFR 170.3 (e)(i) and 81 FR 54959 Available at: https://www.federalregister.gov/documents/2016/08/17/2016-19164/substances-
generally-recognized-as-safe (Accessed on 9/8/18). 
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or indirectly added to food, that there is reasonable certainty that the substance is 
not harmful under the conditions of its intended use.” 

“‘Common knowledge’ can be based on either “scientific procedures” or on 
experience based on common use of a substance in food prior to January 1, 
1958.” 10 

FDA discusses in more detail what is meant by the requirement of general knowledge and 
acceptance of pertinent information within the scientific community, i.e., the so-called “common 
knowledge element,” in terms of the two following component elements:11 

• Data and information relied upon to establish safety must be generally available, and this is 
most commonly established by utilizing published, peer-reviewed scientific journals; and 

• There must be a basis to conclude that there is consensus (but not unanimity) among 
qualified scientists about the safety of the substance for its intended use, and this is 
established by relying upon secondary scientific literature such as published review articles, 
textbooks, or compendia, or by obtaining opinions of expert panels or opinions from 
authoritative bodies, such as JECFA and the National Academy of Sciences. 

General recognition of safety based upon scientific procedures shall require the same quantity and 
quality of scientific evidence as is required to obtain approval of a food additive. General 
recognition of safety through scientific procedures shall be based upon the application of generally 
available and accepted scientific data, information, or methods, which ordinarily are published, as 
well as the application of scientific principles, and may be corroborated by the application of 
unpublished scientific data, information, or methods. 

The apparent imprecision of the terms “appreciable,” “at the time,” and “reasonable certainty” 
demonstrates that the FDA recognizes the impossibility of providing absolute safety in this or any 
other area (Lu, 1988; Renwick, 1990; Rulis and Levitt, 2009). 

As noted below, this safety assessment to ascertain GRAS status for high purity steviol glycosides 
for the specified food uses meets FDA criteria for reasonable certainty of no harm by considering 
both the technical and common knowledge elements. 

B.  Expert Panel Findings on Safety of GLG’s  Festeviol  RM  95  

An evaluation of the safety and GRAS status of the intended use of GLG’s Festeviol RM 95 
preparation has been conducted by an Expert Panel convened by GRAS Associates; the Panel 
consisted of Doug Archer, Ph.D.; Kara Lewis, Ph.D.; and Katrina Emmel, Ph.D., as Panel Chair. 
The Expert Panel reviewed GLG’s dossier as well as other publicly available information. The 

10 See 81 FR 54959 Available at: https://www.federalregister.gov/documents/2016/08/17/2016-19164/substances-generally-recognized-as-safe 
(Accessed on 9/8/18). 
11 See Footnote 1. 
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individuals who served as Expert Panelists are qualified to evaluate the safety of foods and food 
ingredients by merit of scientific training and experience. 

The GRAS Expert Panel report is provided in Appendix 14. 

C.  Common Knowledge  Elements for GRAS  Conclusions  

The first common knowledge element for a GRAS conclusion requires that data and information 
relied upon to establish safety be generally available; this is most commonly established by 
utilizing studies published in peer-reviewed scientific journals. The second common knowledge 
element for a GRAS conclusion requires that consensus exist within the broader scientific 
community. 

1. Public Availability of Scientific Information 

The majority of the studies reviewed on steviol glycosides and steviol have been published in the 
scientific literature as summarized in Appendix 9, Appendix 11, and Appendix 13. Most of the 
literature relied upon by JECFA has also been published---most importantly the chronic rat studies 
on steviol glycosides. JECFA did make limited use of unpublished studies, and they were 
summarized in the two JECFA monographs. Moreover, JECFA publicly releases the results of their 
safety reviews, and their meeting summaries and monographs are readily available on their 
website. 

With regard to the safety documentation, the key pharmacokinetic data establish that steviol 
glycosides are not absorbed through the gastrointestinal (GI) tract, per se; they are converted to 
steviol by bacteria normally present in the large intestine, and the steviol is absorbed but rapidly 
metabolized and excreted (Gardana et al., 2003; Koyama et al., 2003b). The action of bacteria in 
the large intestine is directly supported by the published study that showed that steviol glycosides 
can be converted to steviol in the large intestine by normal anaerobic GI flora as demonstrated by 
an in vitro study in fecal homogenates (Koyama et al., 2003b; Renwick and Tarka, 2008). 

The ADI for steviol glycosides has been set largely based on a published chronic study in rats 
(Toyoda et al., 1997) and several published clinical studies that report no pharmacological effects 
in humans at doses several fold higher than the ADI (Barriocanal et al., 2006; Barriocanal et al., 
2008; Wheeler et al., 2008). As mentioned above, Roberts et al. (2016) noted that the ADI could 
be higher using a chemical-specific adjustment factor (CSAF), as defined by the World Health 
Organization (WHO) in 2005, determined by comparative studies in rats and humans, which they 
conclude can justify an ADI value of 6-16 mg per kg bw per day for steviol glycosides. 

The toxicity of the metabolite, steviol, has been well reviewed in the published literature (Geuns et 
al., 2003a; WHO, 2006; Urban et al., 2013). 

Studies regarding rebaudioside M isolation, structural determination, and metabolism have been 
published (Chaturvedula et al., 2013; Prakash et al., 2014; Purkayastha et al., 2014) in the 
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literature. In addition, there is a large, publicly available, collection of GRNs regarding steviol 
glycosides on FDA’s website. 

2. Scientific Consensus 

The second common knowledge element for a GRAS conclusion requires that there be a basis to 
conclude that consensus exists among qualified scientists about the safety of the substance for its 
intended use. 

A number of well-respected regulatory agencies, including JECFA, EFSA, FSANZ, the Switzerland 
Office of Public Health, and Health Canada, as well as numerous well-respected individual 
scientists, have indicated that steviol glycosides are safe for human consumption at doses in the 
range of the JECFA ADI (FAO, 2010; EFSA, 2010; FSANZ, 2008; Health, 2008; Health Canada, 
2012; Xili et al., 1992; Toyoda et al., 1997; Geuns et al., 2003a; Williams, 2007). Since December 
2008, over fifty-five GRAS notifications have been submitted to FDA for highly purified stevia-
derived sweetener products, and FDA’s detailed reviews have consistently yielded “no questions” 
letters. 

In summary, a compelling case can be made that scientific consensus exists regarding the safety 
of rebaudioside M when of sufficiently high purity. The central role of conversion to steviol and 
subsequent elimination with these naturally occurring steviol glycosides extends to the manner in 
which the various steviol glycosides molecules are metabolized and eliminated from the body. 
While the scientific conclusions are not unanimous regarding the safe human food uses of steviol 
glycosides, GLG believes that a wide consensus does exist in the scientific community to support a 
GRAS conclusion as evidenced by several publications (Carakostas, 2012; Geuns, 2007; Urban et 
al., 2013; Waddell, 2011; Williams, 2007; Brusick, 2008) that refute safety concerns expressed by 
a minority of scientists. Roberts et al. (2016) suggests that the ADI could be higher than has been 
previously accepted by the scientific community. 

D.  Conclusion  

In consideration of the aggregate safety information available on naturally occurring steviol 
glycosides, GLG concludes that Festeviol RM 95, as defined in the subject notification, is safe for 
use as a general-purpose non-nutritive sweetener in foods other than infant formulas and meat 
and poultry products. The JECFA ADI for steviol glycosides of 4 mg per kg bw per day (as steviol 
equivalents) can be applied to GLG’s Festeviol RM 95 preparation. Based on published dietary 
exposure data for other approved sweeteners and adjusting for relative sweetness intensity, intake 
was estimated for healthy non-diabetic children and adults, and diabetic children and adults with 
the following findings. 

The worst-case estimated intakes of GLG’s Festeviol RM 95 for several population groups 
summarized in Part 3.A. are no greater than 1.22 mg per kg steviol equivalents per bw per day, 
which is below the ADI of 4 mg per kg bw expressed as steviol equivalents as established by 
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JECFA. The dietary levels from anticipated food consumption are not likely to exceed the ADI 
when Festeviol RM 95 is used as a general non-nutritive sweetener. 

Accordingly, Festeviol RM 95 as produced by GLG and declared within the subject notification 
meets FDA’s definition of safety in that there is “reasonable certainty of no harm under the 
intended conditions of use” as described herein and, therefore, is generally recognized as safe 
(GRAS). 

PART 7.  LIST OF SUPPORTING DATA  AND INFORMATION IN THE GRAS NOTICE  

A.  List of  Acronyms and References  

1.  List of Acronyms 

ADI Acceptable Daily Intake 
ADME Absorption, Distribution, Metabolism and Excretion 
ALT Alanine aminotransferase 
AST Aspartate aminotransferase 
AUC Area under the plasma-concentration time curve 
AVA Agri-food and Veterinary Authority of Singapore 
BP Blood pressure 
bw Body Weight 
C Celsius 
CFU Colony Forming Unit 
CGMP Current Good Manufacturing Practice 
Cmax Maximum serum concentration 
CSAF Chemical-Specific Adjustment Factor 
CYP Cytochrome P450 
DBP Diastolic blood pressure 
dL Deciliter 
DNA Deoxyribonucleic Acid 
EFSA European Food Safety Authority 
EU European Union 
FCC Food Chemicals Codex 
FD&C Federal Food Drug and Cosmetics Act 
FEMA Flavor Extract Manufacturers Association 
FOIA Freedom of Information Act 
FSANZ Food Standards Australia New Zealand 
FSSAI Food Safety and Standards Authority of India 
GA GRAS Associates 
GEMS Global Environment Monitoring System 
GGT Gamma-glutamyltransferase 
GI Gastrointestinal 
GPT Glutamic-pyruvate transaminase 
GRAS Generally Recognized as Safe 
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GRN GRAS Notification 
HbA1c Glycated hemoglobin 
HDL High-density lipoprotein 
HPLC High-Performance Liquid Chromatography 
HR Heart rate 
hr Hour 
IADSA International Alliance of Dietary/Food Supplement Associations 
JECFA Joint FAO/WHO Expert Committee on Food Additives 
kg Kilogram 
LD50 Median lethal dose 
LDL Low-density lipoprotein 
MAP Mean arterial pressure 
mg Milligram 
mL Milliliter 
mm Hg Millimeters mercury 
MPL Maximum permitted level 
MPN Most probable number 
mRNA Messenger ribonucleic acid 
ng Nanogram 
NHANES National Health and Nutrition Examination Surveys 
NHPs Natural Health Products 
NIH National Institutes of Health 
NMT Not more than 
NOAEL No observed adverse effect level 
NOEL No observed effect level 
PCV% Packed cell volume 
Ph.D. Doctor of Philosophy 
PND Post natal day 
ppm Parts per million 
RBC Red blood cell 
SBP Systolic blood pressure 
SCF European Commission’s Scientific Committee on Food 
T1/2 Half-life 
TAC Total antioxidant capacity 
tds Total dissolved solids 
TFC Total flavonoid content 
TK Toxicokinetic 
Tmax Time to maximum plasma concentration 
TPC Total phenolic content 
TRAP Tartrate-resistant alkaline phosphatase 
TRPM5 Transient receptor potential cation channel subfamily melastatin member 5 
UDP Uridine diphosphate 
ug Microgram 
US United States 
uU Microunits 
VLDL Very low-density lipoprotein 
WBC White blood cell 
WHO World Health Organization 
WHO/JECFA World Health Organizaiton/Joint FAO/WHO Expert Committee on Food Additives 
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 Appendix 1.1 Stevia Extract 

GLG Product Specification Sheet 
Fi]e. ~1Gl!G-Qk5TD-01'5 

!lN..-... d'l!f Zl"lld'\; L.oi.o;,. .rP 

~,,c•....:! lly: Ko\in · 'l;f,:o-Pr, : em 

c,,>,::~E 

Pro du ct Description: 

Rebpure- RA97is a h.igh!rV purifiedextractcont.a ining re!Jaudioside A (MW: 967.03)from Stevia 

reba,udiana Bertoni leaf. It is a white hygroscopic powder that is used as: a hJgh p ot e111,q, 

s.weetenerforfoacl and beverages_ Rebpure11.1 RA.97 meets JECFA .requirements complet e:ly. 

Shelf Life. 2 years rebpure 
Physical and 01ganoleptic Standards 

!lHARACTEJll5TIC SPECllilCAirlON METHOD 

Appearance Wlilite/off-white h-~Ol)ic po-wder Organolepti.c AS IS 

Fl'al!Or Sweet Organoleptic AS IS 

Aroma Sweet Organoleptic AS IS 

So1wifJity Firee'hi' solub in water, oo!DtDless and clear Ro l'a p25gfo,-5 min 

Specification 

CHNIACTERISTIC 5PEOIACATION METHOD 

Rebaudioside A (wt/wt} ~ 97',t, •[on dry basis I JECFA'.?Ol!O 

Total Ste11ioR Glym.sicles ('.Wt/wtl ~ 97% loo dry basis] JEOFA2010 

Total l-lea,vy Me , Scl.O~pm l:ISP<.!31> 

-Arsen ic jas As) 5 1.0ppm JECfAVoL4 

~ad {as Pb} 51.0 rppm JE•CFA \fol.4 

l:os.sanDi-yj~ ~4.0%. JECFAVoL4 

PH 45-7.0 JECFA \fel.4 

Residue on (gplilicm 51.00ti JECFA Volc4 

esidual sofilents, total ,s. 5200ppm JECFA \fol.4 

-.Elihanol s5000ppm 1EOFAVoL4 

-Me,tit,anol s2.00ppm JECFAVoL4 

Micmbiofogicat Sta.ndards~ 

CHAR11CTERifSllC lMlili IJMTS PIEmOO 

Total Plate Count < 1000 cfu/g FDA-MM dlapter 3 

Yeast&Mold <100 d 1J/g H lA-BAM dlapte.r 18 

£roli <3 N/g H lA-BAA-t cihapte.r 4 

Smph'!locaa:us m.rre.t.rs < 10 cfu/g H l.!\-MM rllapte.r 12 

:safmone, la {.1'25g] Negative (/25,g} FDA-MM chapter .5 

Su~e100- 10271 Sh bri E:e W• v • Aid\moa , il-.C:., Cm..dsa • VtiX ZWS 
bone : 604..2115.2i60.Z • Fa.: 604.2115.2606 • f=il: • ""~ ~~Ii" kd\.mm ' W : .,...,.,._~IE!'il<,tedi.L<Jm 
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Appendix 1  Specifications and Certificates of  Analyses for Raw  
Materials and  Production Processing Aids 
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Product Sp•ecifi,cation Sbeet GLG 
LnADDki L..-£! n":"11 LOGia. 

Tl!" t.;1 Wt.: P T •riu !JI 

(Continued) 

Stomge: and Handling 

Tramport of Ille product sha ll be u:ndei- sudh cooolticns lihat will prevent ,comaminiil:ion, Thie product 

shall be .stored i:n a sea ed conta iner-n a [ool, cfryplaoe_ 

,fJac:kaging 

Th1!, prnd ct slla be shipped' ln pada.§ing that is suitab'le 1o.- - d ,aoo ocean tr.msportation. Ct .shall 

be contained in a .s ·itable inne r bag (e .g.. plasliic ,. The inner bag sh,a I be contaiRed' in an a,pprcpFiate 

cuter container (e .g . . sl!litable cardboard brncj a:nd t h,e, outer mntainer should ha11e .a ainspicuous lab 

on the s ide ,of the-outer container_ The outa- contain er label shall be legib le, ind' 1ble .and permanent 

anid illlilliGte l'he prqpE£ name-of tli1e ,prod'l!ct, Ille llm: n11111ber, p11n:Jhaser- name and c:ouimy .of oligin. 

Product Guarantee 

Tlrlis, product was prndu ced in a 1plaat 1!hat oonforms t o Good Manufactur,ing· Practices and mee,ts; state 

a nd 'federal! 1regul!aticns.. This ptrod.oct has: critical oolfltlr points to protect a.,"'iiinst the indusion of me 

Of" other extra neous m aterial in the product GlG Life Teoh Ooqioration .-arrant!> that Ille llead 

contained in !he product oocurs naturally and is :51p,pm. The· product meets -~he re!Jlirements listed 

in this, speafication sheet unless o therwise stated by 61.G ILife Tedi Corporatio . A oeltifiGrte of 

a na]ysis is !>Upp ied 11iilh eaoh, lat of ,Rebpwe"" RA91 a nd sm II inclooe the· name and location of the 

S1i e100- l lJ1USt..J -e,;,, i/ay ' ' Rim mo� 1!1, ,1!.C,. 1C:an=-f;;, • \ID Zl'/,8 

Ph0<0e : ~.lll5. 2Jli02 • f .i.: 604..285'.ni06 • Em--1: ~ s@)sJ ifellec ,c,.,,.m ~ 'I: www.~ ifeti:di.m m 
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Prnduct Sp 1ecification Sheet GLG 
,.,, 

Fe" ~ GLC.;<'WSliD-i!C.J 

Reli.....,!i 1!!f. 2l' Lei. ·CJ< Men ;er 

Product 1Name~ Surruse ~trr: ~..,;,, - ,,k, ~ 
= = 04/'2ll./201B 

!P'mdu ct Description: 

S1.1cr@se is extJr,acted, and refined!, from either sugar ca.ne 0 sugar eet. 

Shelf Life: 2 years 

Physioal and Organolept.ic Stam:Jaul5 

•CHARACTERISTIC SPECIIRICAliJONI iMETHOD 

,Apiiearance \111,hil:eaystal OrganoleptiLAS IS 

Havoi- Sweet Orgilllloleptilc AS IS 

Aroma SNeet Orga111oJeptilc AS IS 

P-article· siize 40-lOOmeslil Ro Tap25gfor.S miirnutes 

Sp e:ci{iwtion 

CHARACTBUSJlC SPECIACAili!UN METHOD 

Suaos,e, !11lil0g z 9.9_7 Gil/T 35887-.:mra. 

R.educilll,g Sc!~i-, g1'101~g ~04 GB/T 35887-20118 

Candurtornettic/!tsh, g/lOOg :20.0"\ GB/T 3 5887-:ZIJIB 

Loss an D1ryi~ g/l!OOg ~ll06, 6B/T35&87-201B 

Colar Value, iU ~.6(1, GB/T 3 5887-WIB 

Tumidity, Mil\.U :,; m 6B/ B5887-2018 

Imp rity insoluble in water, ~kg SW 6B/ B5887-2018 

Hea"",' 'etals 

--AJSen:ic (as As) ~0.5,ppm AM 
-l.eacl {as Pb) :,;o_5ppm 

A/JS 

Microbiological Standards: 

OIARACIIERISHC lllMT IUMTS IMETHOli> 

Acarld Negative NegatiYe GEi 13,104-2014 

Total .P eGo!Llnt <1Jr.i0 CfU/g FDA-&i\M c~eir 3, 

'!'east &Mol <l(il() O:U/g FDA-BAM d~pteir 18 

Emir <3 MF'Nl/:g, fOA-BAM C~l"4 

Staplryfr:Jcooc.rIS aureus <10 ml/g ~ c~ter· 12 

SallmJflelfo f/25g) ·~tive Negative FDA-8AM cliliijlter 5 

Suit~ :1011 -10271 .Sh briol;." Ila~, • fl idimand, B.C... ~:n..tsa • \llliX 21Nli 

Pbon.,: 1ilJ4. 2:8:i.2tiOZ • f3: li04. 2:85:.Z601i • Email: s:ales@1:f; liF..tech.J,um " IN: ...,,.,,,_i;f~J';!c,ti,m..com 
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Product Sp,ecifi,cation Sheet GLG 
1.CA.DL"f:I ~C TE!Jil l.."J.GL5 

t:tr.N "filil,4 ~ ~1it1h11~.,,J?: 

(Continued) 

sto.mge ortd Handling 

lrampart of the prodl!JCt shal be under :s.uch cmditions that !Ml p revent contamination,_ The 

produtt-s'ha I be stored in a :5eale!!l mntainer i a cool, dry place. 

,Packaging 

l1ile 111mduc:t sh al I be shippedl en pad;aging that is suitable for in . d and' ocean tr.mspomction. tt .shall 

be contained in a su itable inner ba,1:- le .g,. plastic . The inne.- b~g sha I be cootained in an ~propriate 

outer container (e.g . . suit.a cardboan:I box) a nd the omer m ntainer shoold have a conspicuous lab 

on the side ,of t he omer container. The ,o uter cont,i" ner label shai be leg;ii>le, inde 1ble a nd permanent 

alllid illidiG!te the ,prop« ,name, llftlileproduct, ·the iot mmber, pi.-chaser name aml coumry of origin . 

. fl.r.oduct Guarantee 

This product 'Wa:S prociuced in a pl:a:at tllat OJ11fonm to Good IM am.sraouring Practices a nd meets S!tate 

and fede.-a! r-egurat io:ns.. This product has, critic:a mntrol ,p�iats ro protect ~ainst the in usi� n of 

met al or other extraneous material in the product'. Gl!.G Life ech Corporation warnmt:s that !he lead 

m nt ained in the product oc:cio: m t u-a ly an d' is .slp,p:m. lbe· 111roduct meets: the requirements 

liis!Ed ·a t lilis, sp&'ifiurtion, sheet unless othe;rwise stated by Gl!.G l.J.Tu Tech Cmporaticn. A certificate 

of a:na "is, is :sup ied with ea.dit t of 5u[Jl'Ose and sh-a i d ude the name alllid location of tile 

prod'IJClion facility. 

51l!ite l00- 102.11 Shel . · • " · !/av Richmonni, B.C.,. •Canad'a • Vli'.I: 2. 'l//1 

Ph .. ne : 604i!!5.2602. • F.ao: 604..285.2.606 • Em ·1: s;i_ o~.;J),'lifi,c,eclL<,om 'l: ......,.,Ei',;I ·•~ech.m 
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Appendix 1.3  Ethanol  
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  Appendix 1.4 Macro Porous Adsorbent Resin 

 

-== 
=:

,~ tll °" ..... ..,,,, 
suNRESIN 

Certificate of Analys·s 

Produet LX-na Product gr de super or 

Produce Date 2018.11 .19 

Batch No. 

Analysis Date 2018.1'1.20 

White opaqu spherical Standard o. QI OOS-2017 Appoarance 
p rtlcles 

No. Items Specifications Data From Analysis 

1 art1cl s12e(O 315-1 25 mm){%) z:95 0 9~ 50 

2 Moisture 1 % 55~5 5701 

3 Shipping weight (g/ml) 

4 D n ty (g/ml) 

5 Surface area (m"/g) 

6 

a 

Is by - Con 1rmed by 

Sunresin New Materials Co. Ltd. Xi'an 

-
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~ettiftcate QI)( ~ompliance 
201410-201509 

This is certified that: 

At The Address Stated Below Has Completed U.S. FOOD And DRUG 

ADMINISTRATION Food Facility Registration And Test Through 

MANTONG. 

CHUZHOU RUNHAI STEVIA HIGH TECH CO .• LTD. 
INDUSTRIAL PARK, MINGGUANG CITY, ANHUI PROVINCE,CHINA 

J , Macroporous Ads<>f'ption Resin 
Styte/ Item No.: DJ OJ 
Report No.:OC J 7 6058 

Product Description 2 , Macroporous Week AllcaUne Styrene Type 

Anion Exchange Resin 
Style/ Item No.: 030 JR 
Report No.:OCJ76059 

TPSt Requested FOJ\21 CFR 17::S.25 

SUpprirr. TianJrn Nankai HECHENG S&T CO., Ltd 

Perfonning Date 20J 4-J 0-1 J to 20 J 4-10-2 J 

Te5t Laboratory STC 

Registration Number )8702249954 
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STC Test Report 

1i>a.te t .2014-10-:!l Pag,e l f J 
• Ill, 1. Del 76QStl (Dup lkat!! 

Applir:ml(Co e.: CZRllOl) CfilTZHOURUNHAISTEVIAHIGH''.i'ECHCO.,lTD. 
!NDlTSTIUALPARK,MIN"GGUANG{TI'Y- , ANHUIPROVINCE 
CH1NA 

Smnple(s} rec.eived isl .ai-e stated to be: 
Name: Maaopmom Adsoi:ptro Recin. 
StyJ Item.No.: illOI 
Supl)li.er_ Tianjin .. ankai. HECHEN·G S:&T C'O., ,Ltd. 

2<11 10-11 

t 2<114--10-11 ta .MH4-10-2] 

N11, 'fest Requested 
1 loDci!!!C:&mge l:eSIM - l1DA.21 CFR 1?1.25 

- Qrg.imc exhactii.-es in. illi:still.e.d W'a.te!° 
- Organic exkacln.-es m I:'l!J.':,Cvi'v} :alconol. 

Peng \lku Ql, Be1ly 
Aailimized Signalmy 

Chemical, Food amil Ph:iama.ce111ll:al EJ!eP.ilrtme.lit 
Fm· and. oo. bebal!f 11f 

STC {Donggmm) Company [_td. 

!UC jOOfllllllUISD)~ll\1" ' liBII 

.. - Q IDi:IGIIJ IOI.ha.. - iC~.!bfHI 
~i>'lllwi - •,IIJ1i&)·l lil lljl< ~'~ .,,.. _...._,..,. 
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ST,C Test Report 

D:a.~ :. -OU-.10-'ll Pmg;e:? of~ 
_ .,,_ r DCl760;8 ffiupli11d'l'f 

lffiSULT(S): 

FON~L~C'Ri.\NCE Rf.SINS -IDA. ll CT'.R 173.2:!i 
M!!.limd Useif: Fa. 21 CFR. 173.:ilj 
- Di-pnic extracti-s; in distilled water 
- Organic em:ad:i-'l!~in. 15%(-..'v)~ 

Style 

Res1ilt'"d Tl!St 1-tem(s) linit Limit 1 
- Oi:g_amc extracli-'l!Ji in dmill.ed wai:a- !lll]m a-1 1 
- Ore_anic emaQl:i,.a in 1S¾(wv) .ilctiliol ppm ll-3 l 
Cti-nmmioo. - P.i!.5 -

- ND = NotD~ 
- !J,femmi IIWl!'rll!ll. lim.i 0.} iJP1!1, 

- ppm ={li!rt(sj per millitm = mg}lrig = mifilgum.perlil.ogrJ!m. 

Rl!Dm~: -.J!.$ per coafumati.~byclienr, ilie submnrail l ample(s~wa; w lDllll!IWS of(.a){I.J Su!fonsil!'ii 
r:opql]IIDl!T of~ :md dn.iiaylbemale. 

- ,Mn - Ha-a_ lilll9lf Db,. iCc-!11 ~I~ 

(.- IOI Yd i'lo ,'"'~~Ui"'P/l - •~ ..._,_,-._... 
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Date : 2014-10-21 
~o. : DC176-05-8 

PHOTO(Sl: 

STC Test Report 

ITC (Dongguanj CGmpany Umlted 

Page 3 of3 
(Duplinte) 
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- ' 

STC Tl!St Report 

Date, ~ l01.4--10-:?l. Pa~lofl 
- -it. rDCl 76"0S9 (Duplic-.a~) 

arumou llUNHAI :rE\1lA HIGHTECH co., LTD_ 
R-WUSTIUAL PARK, MI!ilGGUANG CITY, ANHUIPRO'iJINCE, 
CH1NA. 

Sampre{$} 11,,ceir;;e.d i!s,,' .aa'e srated. m lie: 
1ifame: !\bcropoJ.-OD!i U1eel!; Alk;ilme Styzene. 'Type Anion Exch.m@e Resin 
Sty _ Item No.: D30 Ill 
S-uppli:ec 'rlimjm. -aukai EECEENG S&...,., £Cl.., l.nl 

Date Sample(s:) R1!11HVed 

201 110-U re 11114-10-U 

Condu.u1m. R~ 
1 Ion-e:diimge~- .EDA11 CTR 173-_25 

- Organic extractive. in mstilled W<!fe1 PASS 
-1: exir.!ctF.:es -in 15'¼ vlv !ii.lcohQI 

Peng Wea Qi, Bo.ly 
A~i:iz.ed Sigu.atmy 

Chemic.ii, Food ilDilPhi!rmai:1amtic.a! ~atment 
_for anii on belwf of 

STC {llongguaa:v CompilllJ' Lkl 

.ill 1n.•,Hn _ Xl~.Qar'-ilp a.a tCDdli ~fM'f 
~(Oi - II H IU ---:-a 1yii ilmj iiti!ml J .~ 1 ~,~ ... 
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ST,c 
Iii
Test Report 

. 
Dne c ::!014-10-21 "Pa:ge::! orl 
_ D , t DCl7$'G59 (]nplic:m-) 

Ri:51JLT:(5):. 

ION~L"';;:CHAN~ Rl:.SJ:N.S-lf1lA1l CFR.173.25 
Metim:I. -1seiI: Ee'.f. 21 CFR. 17.'.3-25 
- Oig.mic extractive!! m distilled w.rte:r 
,. 0~ e«t{actir.-es; io. l :S.., (,fv) aleph.al 

Beige nsm {Macrnporotl!i \l,~ .A.lk:ami.e, Stynne Type. Anion 
Re;;iu). 

N.esolt{s) 
T.est Ilem(!;} Umt Lum 1 
- Org;mic:- extradives. m di,ti.lied ·watu ppm 05 ] 

- O.rzmie ew-.a.Qtfr,es in l :S¾(v.lv) alcoool imm o., J! 
Concl/Ecion - P.a!u -

_-m.e.(s~: -ND = N oiDet&mil 
-Method dcrarrea.limit. ltl ppm 
-pplli=:p:arl\€) permilliml. = D®]Cg = il,lilligmm per~ 

R1!mi!Ii: ~: -As pi,r rnlllfi.rmMi.oo l!!)' diem', lhe subl!lll.tte.d sample(s) w11: 'tbemal!!rl.ili !>f ~} Sulfonall!a 

a;p>lJDl&of 6.tyrelle 'll!OO d:t\riayfbeJLZm6 

., .... ,11 .. 1-. 
,...,'1111•Uldn 
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Date : 2014-10-21 
. o. : DC176-0S9 

PHOTO@: 

STC Te.st Report 

HH* END OF TEST REPORT H-i-H 

STC (Dcngogvan) ~ny Untlll<I 

•hn ft U11 ~ t»ta lpCl:ll9 !?JTf:rt 
.. ,_,nl Ill ru C1111llll01Hlt111 s« ~ ~ .......__ 

Pa~e 3 of3 
(Duplirate) 
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     Appendix 2.1 Festeviol RM 95 Lot 

Ce 1ficat of Ana y s 
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  RM 95
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     Appendix 2.2 Festeviol RM 95 Lot 

Ce lfica e o A a ysi 

GRAS Notice –Festeviol RM 95 
GLG Life Tech Corporation 2/19/19 

GRAS ASSOCIATES, LLC Page 59 of 136 



 

     

C rf ,ca of al s 
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Cert1fica of Analysis 

Ww; 

proved 
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ID;,.t:i. File: E: \ D!ITA\201B\O:IO.ll\123 20UI-03-0l 08-5·9-52 \001--<1201.D 

~ It....., : GLG Fe~tevio1 RM.95 / GLG--RJ,195·-

Acq. ()per.tor 

lll3trum.e:nt 

Injec:t..ion Ilii':tc: 

Acq. !!let.hod 

ust ~d 

~1y_,,,;_,. !!let.hod 

ust ~ed 

1l>o.rted By 
!Yu.l. t: i,pJ. i ,e:r : 

D.i..l!.u ,t.i.cn.: 

.S.un Hongk.:ri. 

In~~umen.t l 

2 

l 

2 0 1 8-3- 01 1 0 : 32 : 5 1 In:j, 1 

Inj Vu.l!me: 1 0.0 µl 

& : \ml.'EA\2018 \0301 \l!2:I 2 0 1El--<13-0.ll OB- 59-5 2 \ JECf'A 201 7 .M 

2 018-3-01 OEl:36: 50 : Sun Hcm;ik-li 

D: \ CBEM:12 \ 1 \ HE'l!HODS\ JEICTA 2017 .M 
2 0 1 8-3- 01 15:02: 40 : .S.un Hcn~kai 

nm 

(modified after lo-ding ) 

Sigc.:i.1 

1. 0000 

1.0000 

U.:i:c Mu.l!. t.Lp.]Licr "'° Dilution F.a.ctoz: w.i th ISTD~ 

5ign:i.J! l: ViiDl A, Sig=:210 =i 

Peak Rei Time Type WicUh Area Height Araa Name 
I 1:minJ1 !:min] mAU ~,. [mAIJ " ---1---1--1---1------1------1---1-------- 1 

1 1 0.122 BIB 0 . 1 B79 4.231 T7 3 _ S2 924e-1 

2 13. 5•70 BIB 0.1B7 1 9.121S6 7 .9020 0,.,-1 

3 34. 6-01 BIB 0 . 16·93 2.04071 1. 73449...-1 

4 36 .396 BIB 0 . 1 635 1. 36380 1.29·998e-1 

5 42. 544 BIB 0.17 66 62. 06179· 5·.496 93 
6 44.219 BB 0 . 1 B95 2 6c67. BI 763 219 . 4 96·48 
7 45.H!I BS 0 .. 1 9·53 6 . 49254 4 .. 90271.e-1 

8 47 . 385 B6 0 .. 2160 7 . 17210 4.93929...-1 

lin:.-tzum=t l 2 018-3-01 15:0 4 :17 Sun !long-bi 

O. H54 

0 • .1133 

0 . 0701 

0 . 0475 

2 .13.ll7 
92 . :1222 

0 . 2230 

0 . 2464 

Rebiil.udiD~i .de D 
Rebiil.ud.io:5-.i de itil 

P:i.ge 1 / 2 
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1IJ,,t_. Fil.e : E : \DATA\ 20 1 8\ 030 l \ 123 2018'-!13-!H 0 8- 59- 5.Z\ Olll.- •112 01. _ D 

S.am:pl,e Nl.=te: GLG Fe.,,t>eviol RM95/ GLG-RM.95- j I 

Pea k Ret TTme Type Wl(l!h Area He tght Area Name 
I [ mini hu.nJ ·mAIJ ,..,,. [~IJ ] I 

---- I---- -- I--- - I -----1--------- 1----- ---- 1------ I --- ------·---- I 
!I -!!!LOBl. IIB o _ui.za .4_ 922 17 4_04392 .. - 1. 0 _1691 

l.O 51- !H6 IIB o _2204, lL BO'l91. 8 _061.52 .. - l. 0 _4,056 Rcbaudio,i id"' A. 

l.l 52_aao IIB 0_29,95 4_ 9!1170 2_35667 .. - l. O_l.71.5 Srtevio~idle: 

l.2 55_ Bl3 IIB 0_32!l6 26 _30 150 1-22256 o _ !1034 Rcbaudio,i i de C 

l.3 6·6 - 772 ml 0 _5917 82 _9!18B6 L 97704 2 _a 50 9, &e baudio,i i d"' B 

Tot.al.": .291 1 _,34404 23.Z _ 071.9 9 

~*"' End of Report ., u 

In:,t..:cmaen,t; l 20 111:-3-0 l 15: !14,: l 7 3 '1.n . Elonglt, i Page .Z / 2 
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Dat.i fi l.e: E: \ DM'A\2018\ 0304\ :1..23 2.0JL ll- �3 - 04 O!t-<l5- ll.B \002- 0 30L IJ 
I e N:mi.e : GLG Fe~tevio.1 .BM9 5 / GLG- ru.195-

Acq_ Oper .. tor 

ln,,trum.ent 

Inj ec:t:ion ~&e: 

S.un. Hongbi 

Insti:ume.nt:; l. 

2018--:3-04 10:38:ll.7 

.._ _. 

Seq_ Line 

I.ocat.i,cn 

Inj 

3 

2 

1 

Inj Vu.l!me: 10_ 0 p l 

Acq_ !,let.hod 

U-"t~d 

A=ly.,s:i,. !,let.hod 

U-"t ~d 

E.: \ DATA \ 201B:\ 030 4\J.23 2 0 1B,-,03-�4 09- 0 5-lB\ JECiE'A 2 0 ll. 7 .M 
2 0 16--:3- 04 OB:23: 50: Su n. Hor,gbi 

5orted l:ly 

Yul tipJ.i=: 

Di1n t.icin: 

s 
;::; 

1, 

D: \ CHEMa2 \ 1 \YE'l1HODS\ .JECFA 2 0 1 ?' .M 
2 018-3-04 13: 32 : 22 : S.un Hongk.ri. 

(mc,d.i£i..,d -ftez: lo .. di.ng) 

.... 

Q S! ~ "I!~~ 

fiil ~ .. i .,, 

Area Peroenl Repon: 

S iq;na.l. 

1. �� 0 0 

1. �� 0 0 

U.:ie MuJ. tiplli..r • Dilution F.act.o:,: w.ith ISTD,. 

5-:igntl lL: mID.ll A, Sig=210 mn 

Ill ! q 

0 

Peal! Ret T ime Type Wldlh Arcea Height Afea Name 
I [min] [min] mAU .. ,. [mAU ] 'i, 

---n -----1--1-----1--------1---------1--·---1----------- I 
1 JL0 .162 BB O_ll.9•35 4.2223:7 a _ 4,9,111:i:e-1 O_U 59 

2 1 3. 606 BB 0 _]1.639 9.50 55� 7 _ 99441.e-1 o _a2:e4 

a 34. '706 BB 0_ ]1.76 2. 0949'7 Jl _ ?'6743:e-1 0_0?24 

4 36.497 BB O_ll.B9.l 1.534]1.9 Jl _ 32333e:-1 0 _0530 

5 42 . 642 BB 0_]1.'J52 61. 46252 5-. 45220 2_:1..226 Rebaudio:side 

6 44.324 BB O_ ll.B6:B 2.67 7 .27 9?9 2 ll.B .1 ?'6-67 9•2_5�Jl4 !Rebiiil.ud.ios.i.de 

7 45.524 BB O_ll.B74 6.3Jl0 ?'9 4L 92262e:-1 0_2180 

11 47.492 BB 0_207 5 6.9•90 2-1 4 _B:!J,J.7'.l.e-1 0_24Jl5 

lCn5tEm:nezLt:i ]I. 2 0 ll.B- 3 - 04 13:34 : ~6 3un Ho:ngb.i 

• 1B 

D 
!,I 

E';;ige 1 / 2 
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[]•.at"' Fil.e : E : \ DATA\ 2018\0:104\12:l 20 18- 0 :l- O-l! 09-05-18\ 00 2- 0 3'°1 .D 
"'"Pl"' N!=!e : GLG Fe.,,t-eviol ID!95/ GLG-RM.9.5-Z lllBOa ll'l 

Peak Ret TBne Type W l<lfh Area He tg ht Area Name 
I [ min] h ti:n] ·mAIJ *"· [m!.ll ] 'Ir 

- - -- 1-----1---- 1------ 1-------- - 1--------1------1------------ 1 
9 0 _186 BB o .18~5 .4_ 92875 4 .. 0B:l87-1 0 . 170 :l 

10 52 - 028 BB 0.2118 HI . 56998 7_ 73661- 1 o.a652 Re b ;a,udio~ ide: Ji ... 

11 55 _9a1 BB o.aa61 .26. 74925 1..22576 0 .9•24,2 Re baudi o~ i d e: C: 

12 66 _898 BB o .5928: 82. 66410 2. oo oas 2 . 8561 Re baudio" ide B 

Tol:.>1" : 289•~ - al2-!!6 2ao _4761 6 

Iu,,t,.,:"""'nt l 20111:- a - 0•4 1 :1: .'14 : 46 31J.n. Elongi:a i Page .2 / 2 
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[]•a,.t e Fil.e : E : \DATA\20 l B\ 0:10 6\ 12.1 20 u:~oa- 06 0 8- 4,8- 12\ 00 :1--04,0 L D 

S"""Pl"' N!=!e : GLG Fe.,, t.eviol ID!95/ GLG- RM~5-( J 

Acq. Operat;oo: 
:[n.51.J:aae·nt 

!nj ~tio-n D iiilt:e 

Swi 'llongl:a i 
I=t..,::uur,:r,t, 1 

20 18~3- 06 10:25:20 

S eg . Line 

I.oc.a it-i on 

Inj 1 
Inj Va111LC: 10 .. 0 pl. 

Acq. Met.:had 
L aut, ~nged 

Ana,.ly.si~ l,let.hod 
Lat.51> C'.b.,1nged 

E: \ DATA \ 20111\0:106\12.1 2018Hl3- 06 08- 4B- 12\ JEC:ra 2 017 .. I! 

20 18~3- 06 •118: ·40: 4.1 : Swi 'Eiongt"i 

D: \ c:BEM:!2\1 \METHODS \ JECFA 2·1117 _!I 
2018~3- 0 6 1:1: 2:1: 2 !I : Sw, H:ongk.a.i 

[modi:fi e d. "'f t.e r 10 .. d i ng l 

VW l!>1 /\, Bg-11 nm �E:1DIITA1211111imo611232D1IHE-06 IB-48·12111l&01C1.DI 

H S 

1:D 

125 

100 

75 

S c .z:ted. B y · 

Hu:J. l>i:plie.,:: : 
Di1ut:ion: 

Area Peroent Report 

Sig:na,. l 

l. 00 00 
l. 00 00 

u~e Kalt.i.pli.e r & Di l ,u t.ion F act,a,: v i t,J, ISI'.D.,, 

Signa,. l l: Wjl'l)l A, 5ig=210 nn 

eo 

Peiilk Ret Time Type W idth Area Height Area Name 

I [minl h od:nl ·mAU ·• ,. LmAU l ''" 
- ·- - - 1 - - --·- - 1 - - - - I --- --- I - - - - - - - - - - I - - - - --·- - - - I --- ---·- - 1 - --·- - ------ ---1 

1 10_114 BB 0.1!105 ·4. ,:Z2H2 3 _459,97- 1 O.H70 

2 13_6•0 5 BB o . 1860 9.05615 7_91077- 1 0 . .1152 
.I 116_5{1 4 BB o _ 1400 l.115?60 l _:!5664,_ l O.O-l!72 

~ -l!2.,650 BB 0. 1?115 6 1. :!4!H5 5. 45068 :Z . 1:151 Re b iiiludio~ ide: 

5 -41 .:127 ll'H O .. U!H 2662.216:11 .21? . !l"! 15·-l! !92. 6531 Re-h1a1:u.dio.side 

6 -l!5 _5 l ? BB O. l !l-l!2 6.16.15!1 4.,B701:1- 1 0 .214,5 

? -l!7_-l!lj9, BB 0.20B0 7.07010 4_93217- 1 0 . 2-l!61 
8 0 _168 BB o . 1854 -4.81?60 3 _!l65!l6- l 0 . 167? 

~t,.,::.,_r,t 1 2013--3- 06 1:1:24:3 . Su.n Elongi:" i 

D 

l,[ 

10 Ell _,, 

Page / 2 
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[]•.ate Fil.e : E : \ DATA\ 2018\ 0:10 6\ 1 2:l 20 H ~ D:1-,06 0 8-'18-1.2\ 0 ,0:1--04,0 L D 

:S""'Pl"' N!=!e : •GLG Fe.,,t>eviol ID!95/ GLG-RM95-21ll80 a lll6 

Peak Ret TBne Type W l<lfh Area Hetght A rea Name 
I [ min] h ti:n] ·mAIJ *"· [m!.ll ] 'Ir 

- - -- 1- - --- - - 1---- 1------ 1------ ---- 1--------- I-----·- -- I ------------ I 
9, 5L9!i6 BB 0.2.024 !,_ ~65·2!1 6 .. 955li7~1. 0 .:l.2!14 Re:b;a.udio ~ ide: A 

1.0 55 _B !i8 BB o .:11 61. .25. B70l0 1..21.Ho 0.9'004 Reb;a,udio~ ide: C 

1.1 li6 _Bll BB 0 .5'lBl. BL 72.'IJO l. 9!10•116 .2 .8~4,:l Rebaudio~ ide: il 

Towl." : .2 l!'l l _ a l552 2.2 9 _ 9•JIIB7 

~ , . .,, End of Report .... 
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[J," t~ Fil.e : E : \DATA\20 l B\ 0:10 6\ 12.1 20 u:~oa- 08 0 8- 50- 2 7\ 0 04--050 L D 
S""'Pl"' N!=!e : GL G Fe.,, t.eviol ID!95/ GLG- RM95-:._ _____ _. 

Acq. Op,erat;oo: 
:[n.51.J:aae·nt 

!nj ~tio-n D iiilt:e 

Acq. Met.:ru::id 
Laut, ~nged 

An...ly.si~ l,let.hod 
Lat.51> C'.b.,1nged 

S eg . Line 

I.oc.a it-i on 

5 

·4 

Swi ·11ongl:a i 
I=t..,::uur,:r,t, 1 

20 18~3- 0B 10:2:1:30 Inj l 
Inj Va111LC: 10 .. 0 pl 

E: \ DATA \ 20111\0:10 B\ 12.1 2018Hl3- 08 08- 50- 2 7\ JEC:ra 2 017 .. I! 

20 18~3- 08: •118: 31 : 05· : Swi Mongt"i 

D: \ c:BEM:!2\ l \METHODS \ JE.CFA 2·1117 . !I 
2018~3- 0 B 1:1: 44: 01 : Sw, H:ongk.a.i 

[modifi e d. "'f t.e r 10 .. d i ng l 

VW l!>1 I\, Bg-11 nm �E:1DIITAl2111BimD!Jl123 2Dt B-lil3-0ll lf&-50-Z7UMHl51l1.DI 

175 

1:D 

125 

100 

75 

2S 

a ....__ _ _J~l..£;;.-_ ___ __.:1~--4~.IJll~~~i~• .J.l.~~l,...... __ ....,_..1 _-....,......_ - 11 

S c .z:ted B y · 

Hu:J. l>i:plie.,:: : 
Di1ut:ion: 

Area Peroent Report 

Sig:n" l 
L 00 00 
L 00 00 

u ~e Kalt.i.pli.e r & Di l .u t.ion F act,a,: v i t,J, ISI'.D.,, 

Sign" l l: Wjl'l)l A, 5ig=210 nn 

eo 

Peiilk Ret Time Type W idth Area Height Area Name 

I [minl h od:nl ·mAU ·•,. LmAU l 'Ir 
- ·- - - 1 - - --·- - 1 - - - - I --- --- I - - - - - - - - - - I - - - - --·- - - - I --- ---·- - 1 - --·- - ------ ---1 

1 10.178 BB o .1878 ·4.110.20 3 .-l!304i4,_ 1 O.H27 

2 U.614 BB o . 1866 9. -l!0 4.20 B.176-l!0 - 1 0 . .1.264 
.I 116.579• BB 0. l 766 L 0616 l .:!42.2:1- 1 0.0519 

4 4,2 . 703 HIH 0.176·6 61.4744!J 5.4006 2. 1.139 Re.b iiiludio~ ide: 
5. M.282 BB o . 18!J9 2669.-l!:1750 217 . . 26897 9.2 .6619• Re b audio~ ide 
6 -l!5 . 5B5 BB O. l !IU 6. -!!9869 4 .. !J4.168- 1 0 .2.256 

7 oi7 . 51il BB 0.2030 6.66277 4.64705- 1 0 . 238:2 

8 0 . 252 BB o . 1805 ·4. 6:1774 3 . !J5808- 1 0 . 1679 

~t,.,::.,_r,t 1 201~3- 0B 1:1:46:1)7 51J.?1 Elongi:" i 

10 Ell _,, 

D 

M 

Page / 2 
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[]•.at.. Fil.e : E: \ DATA\ 2018\ 0:10 B\ 1 2:l 20 u:~oa- ,oe 0 8-50-2 7\ 0 04--050 L D 

:S""'Pl"' N!=!e: •GLG Fe.,,t>eviol ID!95/ GLG-RM~5-2 1ll 80 a lll ll 

Peak Ret TBne Type W l<lfh Area He tg ht Area Name 
I [ min] h ti:n] ·mAIJ *"· [m!.ll ] 'Ir 

- - -- 1- - --- - - 1---- 1------ 1------ ----1--------- I-----·- -- I ------------ I 
9, 52 _110 BB 0.21:36 9. 38034 6 .. 788li5~1 0 .:l.256 Reb;a.udio~ i de: A 

10 56 _027 BB O.ll01 .25. 95:ll5 1..216·47 0 .9'00 !!• Reb;a,udio~ ide: C 

11 li6 _968 BB 0.56211 BL 311086 l.9!169:1 .z .824,9• Rebaudio~ i d e: il 

Towl": Z880 _8J610 229-280 1 2 
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[J,"t~ Fil.e : E: \ DATA\20 HI\ 0 :110\12.I 20 18- 0.1-l.O O 9-0l - 4! 6\ 005-0 601. D 
S""'Pl"' N!=!e : GLG Fe.,,t.eviol ID!95/ GLG- RM~S-1 ] 

Acq. Op,erat;oo: Swi ·11ongl:ai Seg. Line 6 
i=1.1:......,·nt I=t..,::uur,:r,t, l. I.oc.ait-ion 5 

!nj ~tio-n Diiilt:;e 20 18;.-J- 10 10 : l6: 45 Inj 1 
Inj Va111LC: 10 •. 0 pl 

Acq. Met.:had E: \ DATA\ 20111\0:110\12.I 2018- 0 2-10 O!l-0 l - 4 6\ JEC:ra 2 0 17. I! 
Laut, ~nged 20 18;.-J- 10 •118 : -54 : 1.8 : Swi "Eiongt.a.i 

An...ly-"i~ l!let-hod D : \ c:BEM:!2\1 \ METHODS \ JECFA 2·111. 7 _!I 
Lat.51> C'.b.,1nged 2018;.-J- 10 1:1: 40 :22 : Sw, H:ongk.a.i 

[modi:fied. "'ft.er l.o .. ding l 

175 

1:D 

u s 

100 

7S 

eo 10 Ell _,, 

Area Peroent Report 

Sc.z:ted B y · Sig:n"l 
Hu:J.l>i:plie.,:: : l.00 00 

Dil:at.ion: L 00 00 
u~e Kalt.i.pli.er & Di l .ut.ion Fac t,a,: v it,J, ISI'.D-" 

Sign"l l: Wjl'l)l A, 5ig=2l.O nn 

Peiilk Ret Time Type W idth Area Height Area Name 

I [mi..nl h od:nl ·mAU ·• ,. LmAU l '''" 
- - --1 - - ---1--- 1----- I --- ----- 1---- ----- 1------1------------ ---1 

1 10_179, BB o .2004 -4 . . 24218: l _ -l! u :12- 1. O.H68 

2 IJ_6l9• BB o .1a21 9. 70 9•4!4 IL .Zl5.Z7- l. 0.2:158 
a 34_770 BB 0 . 15118 L B:15-61. 1 _758:'l!l - l. 0.06:15 

4 116 .. 561 BB 0 .15--l!O l. 3420 L:H5B6-l. 0 . 04!64 

5. 4!2_ 7l 7 BB 0. 173:1 6L 58 24!6 5. -111:002 .Z.1299- Re b audio~ ide D 

6 4!4-:196 BB o .1894 2676.:!27B8 218. 62177 !l.:Z .5-64,.1 Re:biiiludio~ ide !I 

7 4!5_596 BB O. l !l!ll. 6. 311:9•6!1 4_BB9•1!6-l. 0.2.Zl.0 
8 4!7 _552 BB 0.20!l7 6.!l8 4l:I 4-!l0 9•4!1-l. 0 . 2U6 

~t,_,::.,_r,t 1 20lS;.-l- 10 l :1:42: 1)6 Sun Rongk .. i Page / 2 
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•.at"' Fil.e : E : \ DATA\ 2018\0:IHl\12:l 20 18- 0 :l-l.O 09-0l-~6\005-0 6'°1 .D 
3""'Pl"' N!=!e : •GLG Fe.,,t>eviol ID!95/ GLG- RM~.5-2 Il l BOa 10 

Peak Ret TBne Type W l<lfh Area He tght A re a Name 
I [ min] h ti:n] ·mAIJ *"· [m!.ll ] 'Ir 

- - -- 1- - --- - - 1---- 1------ 1------ ----1--------- I-----·- -- I ------------ I 
9, 0 _244 BB 0. 19'60 .4_ 980 57 l .. 9 6561.-1. 0 . 1 72:l 

1.0 52 - 097 BB 0.2127 9 . . 21.0!U 6 _70 :l.26- 1. o.a111:5 Re b ;a,udio~ i de: Ji ... 

1.1 56 _00 9• BB O.lHII .26. 02:164 1..225•112 0 .9•001 Re baudi o~ i d e: C: 

1.2 66 _BIH BB 0.57U B2. 611:'1211 2.04285 2 . 8598 Re baudio" ide B 

Tol:.>l." : .2 89L al 767 2:l0 _8Bll52 

Iu,,t,.,:"""'nt 1 2018:- J - 10 1 :1 : 42: 1)6 31.lll Hongk .. i Page .2 / 2 
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GLG 
-~-. -.cl 

-""" 0 Ii 

GLG UlnE JECH CORPORATION 

GG Solubility Report of .SteYiol, Glymsides/ Gl G ll'estiv.iol 

IRM95 

lfssue ll!>ate:101/U8/1018 

G:lG Solluh,"lity R.e1pod ,of Steviioll Gly,cos·:des./ GL.G Fe.st" vio[™ 

IM9.5 

Pr~pared .by: Zha 11g l ei (QA{QC Mam1,ger, GLG Liikl e ch Coip ora,tio11 I 

Date: 10/09(2.01:8 

Approved b-y::: Kevin Lii IVP of ln:novatio11 a1mll QA, 6iLG Life Tech ,Corporation I 

Date: 10/09/2018 
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Issue Date:10/09/2018 

GLG LIFE TEOi CORJ>OftATION 

GI.G Solubility Report of Steviol Glyrosides/ Gl.G Festiviol Fil e No: GLG-QA-S50-<RM95-S 

RM95 

Objective 

To determ ine solubi ity o Ste-viol Glycosides / GLG Festiviol™ R 95 produced by 

GLG. 

Samples 

of Steviol Glycosides / GLG festiviolT 

RM95 labeJe-d as .. GLG--RM95·---::=::::..GL:.:.:G;_,-RM95-___ .. GlG-RM95-___ _ 

GLG-RM95-

Solubility Criteria 

r1teria 

Ver y so ble < I 

f reely so lu e - ,0 

SOlubl 10 - 30 

Spar ingly s ub 30 -100 

5'igntly solulJ 100 1000 

Very II y sol le 1000 · 10,000 

lnsol~le > 10,000 

Experimental condition 

Temperature : 2o•c 
Solven · Wa er: Ethanol 50:50 

Experimental procedure 

1, Weigh 30g of t e above 5 samples sep-arately; 

2 / 3 
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2,. Se.1:1arately add a small amount of 5 samples te• 5 ea:ke rs Ylh ich conta in ing 100ml 

,of :;,ofve,nt lw ,ate r: etlha.rml 50 :50 ); 

3,, Separate,ly shab g the 5 !Jceake rs for minute, if ~he: solution is d ear, co11tin .e. to 

add' a sm an a.mount of .samples.; 

4, St ,op adding sam pie JU'lti ll the sol ion is no !anger cfear-

5,. W,eigh the remai ning of each sampre and calou!ate tile sofub'ility. 

Samp'les, so lubility ar,e as; fe llows; 

Samp.les Solu i lity, g/100ml( Wa: en EtJhanol 50 :'50 ) 

,GLG-llM9S-! I 155 

,GLG-RM9s-: I 16 .. 9 

,GLG-llM9S-! l 13.1 

,GLG-RM9S-i I 18_3 

,GLG-RM95-! I 1 5.4 

Average 1 5.S 

Experimental Condusio11111 

GLG fiestiviol RM95 ran f,r,eeiy solub le in the solvent that w ater: e .anol 50:50. 
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Qin!)d~ !il!lll tlie i=,h~ci:,gf CQ.,W 
1..mgshon'M:i1 J iJ>o11~n, alngd :ilbmnd.:>!!lg 2 ~27 C; tw,_;, 

.s .. 1;,1p1c .. ~ "l~ rj,f1a<>Sid,u I GLlil Fes1le"!c[l'"R,e-l,t,! 3Ei 

1,l,1nlml::llir-.s: Cmgd<,o ~ne 8 i<,t,-..J:Ma1,ogf Coc,U i! 

:S"mi,f<,· ia;,,ldi It,, , ~ 1,( 9:!i-
'P'rwl,Jcr.i:Jnll'a • 1 ----

AIHru, .,,._~ � !ldl ,. ... ~ i;..i "'as!WOR slll,milll.,il-a E~ bf •d.o, d'"1111; $GS11!1iui"il 11,,., ...t.nmid- ... , 
l!la -~~i&!f 1H In ifte . .a:Jn,J, � ~ U� cf � ,,iifllf CI>lll~l9SC 

.SGS, •~-{ier,:r,c;e Np.: TRPfD1B04jjQ:li601 
n,,~ d ·S!umple Retiei.."": :2.iicS"'p 20ffl 
T""'lll!l Peric<f : !Mi Sep 2016 - :JO ,Si, ,20tB 
Tiest Reqlll"• .Sel.,c11ei:t tes!(sl "' f"'qu.~ Iii/ c!i""1. 

Ten .,.;,cd:s Pl'e,u;ie ~"'' i:<>11"-Kl'.JU!l"'l/l _ 

Tsi R"5JJI sJ = Pie,.,,,. l"f"' 1<JJ11....i p.ag~ , 
ci;1,..,_ sin.-~ in !his . ..,,.mL 

SGS-CSTC. St<111dm-ds T,eclrnic,I s..,....,,,. (aingd..,) Co_, l.b:L 

f>a.ge 1 of3 
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~"'°"'"' ND, ~s,Sunpr~ 11> ciumff!W"-
11 CIDPrili-OSC14157.0m1 ~ 11m~i, ""9-

•::lnem!cal 

Tntlhnil 11, : 

IJnil 

l'!l.!iAg .re El!IO,!I , 12-.mrr r 
"IN .re liii!O!l,1 .m,o11- 1 11".i;l,l;i 

1119',:g Gil5,()0 ff>.,l,!11 -0: ~ll 

1119",q re~,17:.m1 . I rt� 

Wilfl lil'f"== le~ llrnB I Dll,!l\11-34 '20!11l1, r,n..., """ " cµ~µ~ will; 
~3,._lX:.'l,iS.. s 

Uri! -'iSc..."IO Tes<ijesull(S',f 
!!ill! 

rrq!1,:g glll!,4S.7· ND 
~~ :3~t !l-1 '4D 
r.q~ 1~4,0 .. m,.7 ND 
""'1•"9 3'12a5-fl2..1 1'4D 
"",li'!l:g -:H~6 NiD 
"",l•'!l:g 116-ti-3 '4D 
""'1""9 16ll.li-!l7.:S' NiD 
"",l•'!l:g 164&!11>-4 1'4D 
""'1""9 1!31:z.2'4-.9 NiD 
"",l•'!l:g ll&-80-II 1'4D 
""'1~ 1:n~ ND 
""31kg '1'162!;.11-<l .& ·r~o 

!l'824'3a:IIS... 
""il•'!l:g ZZ7!li~M ND 
mg,;.,g 1illi1--41!L1 f~ D 
"'3•"9 iB2~5ll-64-1 I D 
mgr.ig !l6TS1M)4.2 NiD 

SGS'..CSTC S ta11wlls iliiec icz,i :s.,,..;ce,s- l~lllS>) e:.. ILt.:l 

P"!!e j!;i:JtB; 

t.m:i 

WI 
il;lil1 

l'J ,QIQ 
u 

J,.O 

11 
11,:111 
11.11 
!l,(11 

n,cn 
!l,111 

0.01 
0.01 

0.01 
0.ll1 

0.01 
ll..i)1 

o.m 
0.,01 

o.m 
0.01 
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Test Report fJ.DF1 B-C:;lli!ii7-0:2' llilzi~,::; - :Sep .ro1il 

" T~ le:rn s~ Urjt •C/\S..:f«J T.,.. il""ull( t LOQ 
l!lil1 ,1 6e""'lf151J'n-m"6rtl 1111 r>gl'i<9 llallmi-'l'il-6 NO 0.-01 

a, BiferJ!luin,~ ... ~,11:g ll:2'.6o7'..o.!.:s ND o.m 
19 Emcaip ~••-: rn3,li:g llli!l42~ ND o._01 

"21) iwmcp,t:11f r..te mg,11:g 1B1at-B0.1 ND Q01 

~ &lµnm,, u, .::. ill - rn3,li:g 414cill-4S-6 ND Q!l1 

"22' &lpm!2Y1 ii m,;1kg• liBS21-75-ll No 1101 

~!I ootlttitl..-- in3,li:g Z:11B4-fi&S ND IUl1 

i\4 Eifhxllrlla . r,,;;i,11:g CJ34.liiil1-1Q!.2 ND 11,111 
::.:;p c .. ,11.-ro. •~Ill r,g,11:g ~-'l9-9 ND !Ul1 

~ C:"!i'lls •11 mg,11:g 1~2 ND lli.1111 
'27 c:~ Ii mg/lt,J 63.26.2 ND !Ul1 

:26 Clllih,endmnj:. mg,11:g 1 r:!iiD.li'2'1~1 ND ll.ll1 

'29 c..iw..rar; 51, Catfllill' !njj•\i:g 1~ ND 11,111 

'!Ill c~,a~Ja:.m/:;. ""!l•li:g 1 ii65fi.Bv.i ND 11.01 

111 mg.Ilg iietai;.1 ~ ND Q.01 

fl. mg"'9 iii7'61U7-1 ND IL01 
-a., n,,glllg .ITT-74-_ ND 

l""ll't:s IZ2.41l3-1S-O ND 
:55 mgltg QCl.91i)..6 ND II.II 
:55 l""ll't:s 10H!1.::! ND II.II 
31/ '~ !i'!i!!'o-3-0 ~IJ IHI 

~ l""ll't:s 29-21..#;2 ND 11.11 
::l!l ,11119ltg "!1,9 2!1.:.2,.;2 ND 11.11 
~ l""ll't:s ;l.~iJBal)..g2-1i ND II.II 
,L1 mgltg Zli':26-4&.2 ND 11.11 

~ l""ll't:s ll!/il40~ ND II.ii 
mgl'i<g 1663611c3]"-ii ND II.II 

. 4- l""lltg 61:!lfif;."9&.T ND II.ii 
~ mgltg li2316.07.-!i ND 11.11 

45 l""llt'g l211i<i2-61~ ND II.II 
1' ;mgl'i<g ~16:2:M ND 
~ ;f'!illtg l,'i29l~ ,!> ND 

lmllll.'\~ 
. .119 iml'i<g ~11..6 ND 11,11 
,lijl iml'i<g 62-13-1 ND 11.01 
,Ii,, iml'i<g '3~0oa ND 11;(1 

,62 "'31i<9. , ci-:9.2-2 !iD IUJ1 

5GSJ::Si'C ~ .. 111hrd~• =!-.,[,.,1 5-fc= j~dn e:.., U;I. 

i,.g.,· c,f&, 
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71 
,a 

T=l~esul~~ LO<:I 

EJetrkno,m "' " 
oa ... D<Xl=mre;ljllf!P"f 
i:lim1:lhame ·* 
[Jiml!ihamap, jli . , 

Dinim,,"""I" If - l!ll 
Edifi:mpl11:,, Jit&"' 

E!liic,, 

ffi""'Who,.~ 
Bmenpra,c -

E'.mmt!s liiil1 

F~11m:.a&Re 
f'.,,,11rim11l l 

f,,,,'-"mia ""1111 
f'onilrll~mn ~n 
F"'11:t11,rar~ WT . 
i'"'1P1fC2! 
F!!tll'f"l""I. -
f"'lf\">!lirr/tlff'l!T 
i'"111fraJ>:inel,e 
f"'flli,,f' ii iifflJ. 
f"'1Vde~I!! & ~"'1"~ I 

' ':'fl(~'" 
fli-,~ ~ 
fl=zif~",fi5 
fl~t.n/1 
- -~ ... JI!; 

.... ;'9 

.... "'9 

...,nig 

m;i'-!;i 
.... "'9 
...,r.g 
...,,'k!I 

r,,gf.tg 
""3•'9 
.n,g,'9 
rr'!j/1,g 
r,,g,'9 
"'3"9 
r,,g,'9 
"'3•'9 
r,,g,'9 
n<g ,lg 

im!lrr,j 
mc1!lrr,j 
im!lrr,j 
m~!lrr,j 
l!>elilrr:l 
m;i!lrr,j 
l!'l!lilrr:l 

m;ij';;g 

~ 

n<ijj.'ig 
ffg,lg 
n<g.'ig 

""3"'9 
"'3•'9 
r,,g,'9 
"".!1•'9 
r,,gt.g 

llil',~ 

1194/.~ 
6tl-6Ui 

1101@6-11ia6 

lllltio"7~ 

11 D:MIBS 

llil!ifli!J-91..I 

11151-07:.S 
~973- j S-6 

66S-1.2-:!' 
131 ~!'.I-,( 

8084407-i 
:38,2150-64-7 

] S"I IKJiT-61"..J 

fil.l16&.BM 

1~3-11.6 
1;22-14-S 
~ -2. 

79 , 27 -'80-:S 

~-414-,:T 

§7 lici4!-.!1'1 .a& 

, , 812-68-!I 

ii'l!i,:l(l-6'3-~5§6 
2-St.U!l4-4 

l 2Wlii~7-3 
~'~ 

'.924\--46'.lii 

7lU24-TT..6 
1•1114ti3.6~ 

8660~19-l!l 

Ii~ 
li!lBll!Ul'l-2 

2S61i!l'-69J!l 
76687-1Jo-111 

J666UU 

ooT 
NO 
NID 
NID 
ND 
NID 
ND 
ND 

ND 
ND 
ND 
flJD 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
tllD 
ND 
r.lD 
ND 
ND 
l\lD 
ND 

~GS-C.SHl. St<111ihrds; ,..::hrffl"!I .,,..,,c= jeio!lli..,) Co,, 

~e"cf& 

!Ul 
0.,(11 

6,(11 

0.,(l t 

0.,(11 

1),(11 

IUl1 

IUl1 

ll!11 

ILCl1 
II.Al 

0.€11 
0.!l1 

0,!16, 

0.111 
O.Cl1 

IU11 

Ujl1 

Ujl 

u.11, 
u.11 
U;ll1 

U;II 

u.11 

u • .i 
II.Iii 
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T~Repmrt aoi='l us:i)d!i7-il:! E:li,ec M Sep -2011:1' 

C,d., T~l=J ill etL".iJIO B I R=~li s;J LCJ0 
001 

,11.7 r,g~ 11!8.2ii 1-41--3 l\i[l O.J!l1 

118: m;iffrg 11S~ 1110 OJ:11 
89 lpmci<,ne !i, m;iffrg 36TS4-1S-7 IIID o.m 
!I(] lpmvzm:mt!i Ii m;iffrg t41J!l:2S.:17. 7 IIID .l).!J1 

!11 ~pn= Mlii• m;illog "24.~1-i t,l[l 0Jl1 
!12 ll>menplios ~! ill m;iffrg ~.0311-11-1 IIID .l).!J1 

~· llefe'np!,os-,,-,e!trfl 'If ~II! m;iffrg ~ fll[l OJJ1 
!N ls<Jpoaari>~pil Ii m;iffrg 21i'31-4{1.;, IIID .o.m 
96 lisopn:f.bid\or<e fl~ m;illog 60D1.!-36-1 l'ol tl 0Jl1 
!16 tr;,,prn..,,,.,., m;iffrg 34 t23-.!i!Ui IIID O!J1 

!1-7 """-:oi.......,,. .. - m;il'!i:!I 14ll391U:3-II t,l[l O.'l1 

• ,!Ii'; li,'-'= 1 "'3!1:y S':lM~ ND :O!JI 
"'311!1 12'.T-75-6 ND Oj]I 

,oo "'3!1:y 61M17-19-1 &, ND Olli 
71l5SI).: 1-11, ,m ~ 1594,.0iS-2 ND Ml 

,ca "'31'i!l t CJ.2Efj.~ ND O!II ,os ""3ffrg ND M l 
1DII- 1!'!11'!! ND O.i11 
11¥i "'911:!l 676!..J1-ii ND O.i11 
1·11ii ~ ,1:9 ·1&1vo~ ND O.i11 
Ni7 f1Sll!! (,1:!'lf..46-2& ND O.r.1-1 

B,7392-i ~ • 

1lJll IT~ TI\116-34-1 ND O.il1 

1 IT~ 1>9zs.Z!-4, ND u 
110 ~ !lllu1UIS-O ND 0.il1 ,,,, 

ill"l""'fl" · .,_Wj;g IT".111!! ,~, ND 
112- llle~l� llilli ~ ,, '\!l'!l1~ ND 
1,:1· llfrt . ~pr<'Pll lli� II ~ Ul,lil'il!,.J4-il ND 
1111- o,p"-Oll0,.c,p'~iW- ~ ii:t-1!!-:0 ND 
1, e " ;p"-OllEe- '-iil'if,' ~ ~-5 ND W;J1 ,,i; D,j1l-00if<r,p':.:!II ~ 1{IS..02:.5 filD O..C,, 

1'1T Qme1ti,,z,t., - ~!:.ii ~ 111;:I--IIZ-5 ND u 
11B· O;c.am=n ~I! ~ l !!l~6fh!O.a, ND Ila 

1 9 ~ • ~ 777~ ND u. 
1.ro 04'~211il"' '" � ff ~ l',1'304-1M ND lt..(11 

1•:!1 o,.fd..,,e'll><h"1ld~ • ~ M1-1z..! 

:SGS.CS c s~i:1,ui:1,. T,,,.fii,jc,,IS =i= 1a.i_ada,tj 0a , 

P..a" ci cf~ 
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""festR.~ Qtlf16'-t]Sli<lti1'--ml l!l1' s .. p21n 11 

o,..1., T,e,:1i~/sJ lirm ,C.,'!S_ a T-FiiesLllflsl I.J)Q 

ll!01 

1~ i,sJl9 1'-~ ND 0.111 
12'3i mgllg 7,l.66i.9 ND 11.111 

1~ mg!tg !iliL-2!1-3 ND D.01 
12.ii, !Jl!l!ftg 767311-62...0 ND D.01 

12iJ mgff<g ~ ND· D.01 

1:!? m31tg ,i!i,.:18,.2 ND 11111 

12:a ITI!lff<!! ~ ND D.01 
12!! P,,r,dgrelf,..fin - 11' ,!Fi:11 m3ff<g ~0487-42-1 ND D.81 

1:lill· P,,TjTTelf!y,j~ • mgff<!! ~4&-63---1 ND D.111 
1S-1 Pilorrtl-,c,,ie 'lM, . !Jl!lff<s 2"!i97-1)3:.1 ND D.81 
132 Pil-1" S1Jif.;w, 'l'f'it lilil !Jl!lff<s 2611a-l14--1 ND D.lll5 
1» Plll'll"lll'~~""lt' . m_g'11:g ~Ea-!X!<-6 filD lllff;: 
1:1,!J, I'll~ .. m;iff<g 298--112,2 ND D.01 
1'3,[ miltg ,?51il- 7-CI ND D.01 

13/ii "'3"'9 7-:12-1 ~ ND 11.01 
1!'!7 mi"'9 s .;2"1.!6 ND D)JS-

!Sill i,sJl:9 4'111UB-S ND D.111 

139' ""3!!1:9 23103,.'98.2 ND IUI~ 

1<1!:l ""3"'9 2.3606-41-1 ND a 111 
141 ""-"'ltg 2..."'232-93-7 ND lllli 

1-t2' ""!lli<st IU147-09-,j ND "ILCl1 
11-iSJ "".sf•'!tg 321109'-1~ ND Ill!~ 
11~ . ""!lli<st 1 911-!le-7 NCl "Q.111 
11$!;' "".,l•ltg 2'6:11--sl'~ ND 0..0~ 

114~ ""!lli<st 72-67- 9-6 ND "Q.111 
11.n "".,l•ltg ~467!1-73-!i ND 0..01 

148 ""3"'9 291~ ND "Q..01 
1149: m.a:13: 1~2- ' ND, 0..01 

1iill ""!lli<st liQ207-90-t ND "Q..01 
1~1 "".,l•ltg 114-26--1 ND 0..01 

162 ""!lli<st ~ ND "Q.111 
1 6:lJ "".,l•ltg '12,551.2.&9!-0 ND 0..01 
1r.,. "'ii•~ 134o7,1a..Ei ND '11..01 

Im ""!I•~ ~6!1cj!1.:S ND Ill!~ 
llilr ""3"'9 119-12-D Ii.lo 1LCl1 

167 "".sf•'!tg liS11~ ND Ill!~ 
liial ""!lli<st ;36B~ ND 1LCl1 
lfii!I' Cltllnt=e ,BUiiUI ND llll1 

,..dvtoo,I i,;.,,.-•ices /C!i\glii,,Qj Cc.. L!.:!. 

"'"~"-6 crflt 
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lies Report: IJDF1 B-•iRl~ 7-00 Dsli!e- )11 Sefl. 2lUi1 

c:ad,e T"'51. l~t") Wi:!il ~ _NO """Resui t(:,;J LCII:,, oo, 
r~ C.,inlcfcf'""U'f/il Ii ~ 7jjo78'-14-<I& "fiD 'O",C,1 

r.ilf~p-fl-'.iffi if;,; 100611f>.Sl--3: 

'l!!!illU 
161 rr,3"9 1.22g:j1...lJa.il liil� .Wl1 

11ill "'3"9 ,zr~ liil� Wl1 
, i.a "'3"9 1~9' liil� ruJ1 
16e .ll rr,;iilg 1'f/331'~ liil� -0..01 
, es rr,;iilg 11a1~4-:!;!I.II Ill� -0..CJ1 

1tii rr,;iilg 1 l!Qll'ii1~~ Ill� .o..oi; 
il>l' rr,;iilg 1llll>a~ Ill� -O..CJ1 
,a11 'r l!fr~ rr,;iilg .,, , :1A 1 ll\.2S-II Ill� -0..01 
11>9. rr,;iilg. ?ZMa:.1B./3' llil� OJJ1 

nm rr,;illg 116-2!M!) ND -0..01 

171 rr,;iilg , , lj.7.9-,(!I ND -O..CJ1 
172 rr,;iilg 111 ~ 9 ND -O..CJ1 

i 75 rr,;illg 1&s71~ rt� -O..CJ1 
17~ rr,;iilg 79-2:71-:27..:l ND -0..01 

176 rr,gllg 6%~ rt� .0.!111 
17li ill\ii,fs,~ rr,gllg ~ 184.-$3 ND .O.!ii 

m l];;.,forl~ :Mlil!:~- IJ!!lllg '3916<!-2]-li rt� 0.11, 
IT<! T~=mesf!11 ~ . •• ~ftg 5101~ ND O.ll~ 
17'3 TJi,,Eim~ "' Ii ~ ~ 21-43-3 rt� 0.11, 

111<l ~ i'iig 16B:M"1-!i&3. ND o.~ 
11J1 l1!!lft9 .fl~-'00-li rt� 0.\1,11 
1111! ~ftg .2491 :.:r.a ND ~ 

11,S ~ 62-M-5 rt� o.~ 
Ill,!!. ~ftg tifl694-1-1 ND o.11~ 

1!1.6 f1!!l'lg , til2-119-8 rt� 0.\1,11 
61§ ~ftg l 2:lil>Sl>-16-7 ND o.~ 
S7 1'!9ft9 .ZZTi-23-2 rt� o.111 

111;!! ~ftg 6047 -44-11 ND o.~ 
188 =!'<l=lr..i D-'il.1 fl'!!fil9 96S-9U ND o.111 
19ll ~!'<l,-lr,111 ~ · ~ :W,S.!jp-:9 ND O.t;!,1 
1!;1 p...tteHf ~ 1"1!11'!:! ~%6';7 rm 0.\1,11 ,~ 'f~"' 't' fli l>l!fJi!! iiS-a!l-'11 ND ~ 

1!c15 &f!CHf 6-!'ltl!I! 1"1!11'!:! ~ !1-8~(!1 ND o.i;i,, 
11"- ~U;,nn r>S"ri!! 914651.le-!i ND 0.111 

.$SS. Ci'fC.3f!m!len:ls-Tiecl;i;ifc,il .S,:rt,"""' fClingd""' Cit., !Jd . 

P',119;, 7 af!I!. 
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Reli'l 

1.&lil - l\lal Ell'!IHI""' 
'2.LOa - · l..irnil •l>f CUmteli"" 

i,1,S.CSTC ilt-11111lerds-Tecl\'.nin,i .si,r1,.._.,... {alngdaso:j Cc.. , ~ ­

P,.,ge 6 aHI 
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C!i~i l'f"'I!= ~ """ fw!,-.l" a,;,t:ec "" IC!!lt' Co ,Lid 
ttenik!dr=•. Lm.5,m~rro,e TIOl.m, .Jim""n Ceoumt.f, C.,g,!:oo,, '3hl!mlll!lag -"" 

-S"'1';,f,,N.._: ~ l!iGI glfm,ioes- I' GLG i'o,f1;<,•1 "' ~bill !!!!i 
:i.lmntif.!,t:l!Jr...: Cli-\gd- R,l11<>e•Bio1edm&!o,;d Co.,llp 
Sl!l'llple B,,kfr l'to.= ~gfii. 

l'l!diklkff 0 -0t<,c r 

~ fflll!mmio" .... •-P"M wasl!n,11Hlll,111ith!d � nd ~ 17' -.~diait. 'SGS-~ 11,.,...,,,.,lldml!I ~ 
ilD l'Hf_lilndtillitf ·� $ II, t}u,~. ~ .. -4 � ...Y...-Dlffl~""'"· 

~cfSampll,Rec~ ; .!a,&,, 2.0l !i, 
T~ g ~Eld : 21l'S"i':2.01B- 30 Sql:2011!' 
T"-" R""lu~<I : S el•;:,1,,,He>i{.s ~ =!",e$1..ed1 b{ d~L 

r= M~d · Pe""'=~r.:,1o ~1:xt !"':3="-l-

Te<t fi=ll "} ' F!!,,......,-..,t;,,.1mn1:>:tp11•g-=M-

SGS .A _,::::uiz,~ 5i£1n~ue 

SGS..CSTC Stanll,ml• Techinical Servi~• (Qo,gd'n) Co., ltd. 

F>ag .. 1 ol'2 

GRAS Notice –Festeviol RM 95 
GLG Life Tech Corporation 2/19/19 

Appendix 6  Residual Protein Testing Report  

GRAS ASSOCIATES, LLC Page 84 of 136 



 

Llni1: 

11<11 

R"'f"--Vir 
1 .Dc,,'l'em""1 f.adDUlt ,..,.,,_g.,, -,pms, B 16,.26 

.Ulla - !:.nil,tlif0milldimb 

~~ S!M!l!'a,n's ecl'l!lic,,I Selyic:ee, jC.,g,j"'"l tia , ll::t , 

f>ag_~ 2.ai 2. 
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6l6 U.FE TECH CORPORATION Issue D-alte:10/09/2018 

Sweetness Intensity Data of Stevjol Glyc:o,sides RM95 

Sampl'.e.!i 

Sattlple!! representing cotrtmercial lot of~-~5 labeleda:s' GLG--RM95-.__ __ 

Solvents and Re.agents 

= Sucrose 

-i~ fIDJJ 9: 

- Purified ill'.ilet 

- Ubsal~ crackers; 

App.a:ra.tu.s 

L Analyncal bai!ance 0 XS205= Qvf.ettler Io1edo= USA' .~ 

2. olumetric ( dass l\J .and Labm:atot)' gl~ware:, Plastic- raps . 

Assay and Procedures 

The sweetn~s intensity tests are folklu;in,g with "ISO ·3587~2006 Sensory 

Airalys.tS!s Mefhodrology-Ra:nktng testing mettmd . 
.18 J>ane1Js1:S have ·~ . p~::rcms1y quilifl.ed for taste· ;m:.illty and tram.ed ftir ttlfl 5Woobless lllIBOS , r 

re.st. The panelists 'Yitere presented with ;_ 5.ttnples ( 5 .0% of sucrose water ~olution .mdR1vf95 
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Appendix 7  Relative Sweetness Intensity Method  
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Appendix 8  Estimated  Daily Intake Levels of Steviol Glycosides 
Preparations  

There have been continuing studies to estimate the intake of steviol glycosides. Most recently, 
Dewinter et al. (2016) investigated the dietary intake of non-nutritive sweeteners, including steviol 
glycosides, in children with type 1 diabetes. Using a phased tier approach, the tier 2 (maximum 
concentration) and tier 3 (maximum used concentrations) exposures were assessed based on 
survey data obtained from patients at the Pediatrics Department of the University Hospitals Leuven 
(Belgium). In both tier 2 and tier 3 exposure assessments, high consumers (P95) aged 4-6 years 
old were estimated to have a steviol glycosides intake higher than the ADI, calculated at 119% of 
ADI. The authors noted that the exposure assessment is a worst-case scenario since “it is 
assumed that all processed foods in which the food additive is authorized contain the food additive 
at the [maximum permitted levels].” Furthermore, Dewinter et al. conclude that there is little chance 
that children with type 1 diabetes will exceed ADIs for steviol glycosides. 

A. Food Uses as Addressed by JECFA, Merisant & Cargill 

As part of its safety deliberations, JECFA reviewed various estimates of possible daily intake of 
steviol glycosides (WHO, 2006). These estimates are presented in Table 8-1. Merisant also listed 
intended use levels of rebaudioside A for various food applications in their GRAS Notification 
(Table 8-2). Merisant utilized food consumption survey data from 2003-2004 National Health and 
Nutrition Examination Survey (NHANES) to determine the estimated daily intake from the proposed 
uses of rebaudioside A. On a per user basis, the mean and 90th precentile daily consumption 
levels of rebaudioside A were estimated as 2.0 and 4.7 mg per kg bw per day, respectively. In its 
notification, Cargill (2008) utilized a different approach in estimating dietary intake figures for 
rebaudioside A when incorporated as a general sweetener in a broad cross-section of processed 
foods. Cargill considered that, with a few minor exceptions, rebaudioside A uses and use levels 
would be comparable to those of aspartame uses in the US. Using post-market surveillance 
consumption data and published data for consumption of aspartame and other high intensity 
sweeteners (Renwick, 2008), Cargill performed a side-by-side consumption analysis for 
rebaudioside A versus aspartame. Findings from the above-described different sources along with 
FSANZ estimates and the intake estimates are presented in Table 8-3. 

B. Estimated Daily Intake 

The very conservative consumer intake estimates provided by JECFA as shown in Table 8-1 were 
utilized to gauge the potential human exposures of rebaudioside A and steviol glycosides and in 
foods as reported in the US and in other countries. As rebaudioside A is about twice as sweet as 
the mixed glycosides, these levels can be adjusted accordingly. 

GRAS ASSOCIATES, LLC Page 87 of 136 



 

 
 

 

 
 

 

 

 

  

 

  

 

  

 

 

 

   

   

 

GRAS Notice –Festeviol RM 95 
GLG Life Tech Corporation 2/19/19 

Table 8-1.  Food Uses of Steviol Glycosides Reported to JECFA with Calculated Steviol 
Equivalents 

FOOD TYPE 

MAXIMUM USE LEVEL 
REPORTEDa 

(MG STEVIOL 
GLYCOSIDES/KG OF 

FOOD) 

MAXIMUM USE LEVEL 

CALCULATED FOR 
REBAUDIOSIDE Ab 

(MG REBAUDIOSIDE A/KG OF 
FOOD) 

MAXIMUM USE LEVEL 

CALCULATED FOR 
REBAUDIOSIDE Ab 

(MG STEVIOL 
EQUIVALENTS/KG OF FOOD) 

Desserts 500 250 83 

Cold confectionery 500 250 83 

Pickles 1000 500 167 

Sweet corn 200 100 33 

Biscuits 300 150 50 

Beverages 500 250 83 

Yogurt 500 250 83 

Sauces 1000 500 167 

Delicacies 1000 500 167 

Bread 160 80 27 
a Reproduced from WHO (2006). 
b Calculated by Expert Panel assuming twice the sweetness intensity for rebaudioside A and three-fold difference in molecular weight 
between rebaudioside A and steviol. 

Table 8-2. Proposed Uses & Levels of Rebaudioside A by Merisanta 

FOOD USES REB A (PPM) 

Tabletop sweeteners 30,000b 

Sweetened ready-to-drink teas 90-450 

Fruit juice drinks 150-500 

Diet soft drinks 150-500 

Energy drinks 150 

Flavored water 150 

Cereals (oatmeal, cold cereal, cereal 

bars) 
150 

a Merisant (2008) 
b Reb A content of sachet prior to dilution and not representative of 

“as consumed.” 
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Further consideration was given to anticipated human exposures as projected independently and 
with different approaches by JECFA (WHO, 2006), Merisant (2008), and Cargill (2008). As 
described below, the multiple approaches tended to converge to yield estimated daily intakes 
(EDIs) in the range of 1.3-4.7 mg per kg bw per day that, when compared to the acceptable daily 
intake (ADI), constitutes supporting information in the subject GRAS evaluation. 

JECFA evaluated information on exposure to steviol glycosides as submitted by Japan and China. 
Additional information was available from a report on Stevia rebaudiana Bertoni plants and leaves 
that were prepared for the European Commission by the Scientific Committee on Food. JECFA 
used the Global Environment Monitoring System (GEMS)/Food database to prepare international 
estimates of exposure to steviol glycosides (as steviol). JECFA assumed that steviol glycosides 
would replace all dietary sugars at the lowest reported relative sweetness ratio for steviol 
glycosides and sucrose, which is 200:1. The intakes ranged from 1.3 mg per kg bw per day with 
the African diet to 3.5 mg per kg bw per day with the European diet. Additionally, JECFA estimated 
the per capita exposure derived from disappearance (poundage) data supplied by Japan and 
China. The Committee evaluated exposures to steviol glycosides by assuming full replacement of 
all dietary sugars in the diets for Japan and the US. The exposures to steviol glycosides (as 
steviol) as evaluated or derived by the Committee are summarized in Table 8-4. 

JECFA concluded that the replacement estimates were highly conservative---that is, the calculated 
dietary exposure overestimates likely consumption---and that true dietary intakes of steviol 
glycosides (as steviol) would probably be 20-30% of these values or 1.0-1.5 mg per kg bw per day 
on a steviol basis or 3.0-4.5 mg per kg bw per day for rebaudioside A based on the molecular 
weight adjustment. Similarly, FSANZ (2008) estimated steviol glycoside dietary intake for adult 
consumers in New Zealand, assuming a full sugar replacement scenario, which resulted in 
estimated exposures of 0.3-1.0 mg per kg bw per day for the mean and 90th percentile consumer, 
or 0.5-1.5 mg per kg bw per day for rebaudioside A when making both the molecular weight and 
sweetness equivalency calculations. FSANZ examined consumption in other age groups and 
concluded that there were no safety concerns for children of any age. Merisant also calculated a 
dietary estimate for Reb A of 2.0 mg per kg bw per day for the average consumer and 4.7 mg per 
kg bw per day for a 90th percentile consumer. On a steviol equivalent basis, the Merisant estimates 
would be 0.7 and 1.6 mg per kg bw per day, respectively. In another review conducted on behalf of 
Cargill and included in their GRAS notification, the intake of rebaudioside A when used as a 
complete sugar replacement was estimated at 1.3-3.4 mg per kg bw per day when calculated as 
Reb A (Renwick, 2008).  
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Table 8-3.  Summary of Estimated Daily Intake Assessments for Rebaudioside A & 
Calculation of Rebaudioside A Values from JECFA & FSANZ Estimates of EDI  

EDI  

S
 

CENARIOS  
AS STEVIOLa 

AS REBAUDIOSIDE Ab  TOTAL DAILY INTAKEc  

(MG/KG  (MG/KG BW/DAY)  (MG/DAY)  
BW/DAY)  

JECFA  

100% Reb A replacement of sugars 5.0 7.5 450 

20-30% Reb A replacement of sugars 1.0 - 1.5 1.5 - 2.3 90 - 140 

FSANZ 

100% Reb A replacement of sugars 0.3 - 1.0 0.5 - 1.5 30 - 90 

MERISANT 

2.0 - 4.7d 120 - 282 

CARGILL 

1.3 - 3.4d 78 - 204 

a Published values for mixed steviol glycosides consumption listed in this column were used for the calculation of Reb A 

consumption values appearing in next two columns. 
b Estimates for Reb A consumption were calculated from JECFA and FSANZ estimates as steviol by multiplying by 3 to correct for 

the molecular weight of Reb A compared to steviol and by subsequently dividing by 2 because of the increased inherent 

sweetness of Reb A compared to the mixed steviol glycosides. 
c Total daily intake figures were calculated for a 60 kg adult. 
d Published values are shown for comparison purposes. 

Table 8-4. Summary of Estimates of Exposure to Steviol Glycosides (as Steviol) 

ESTIMATE EXPOSURE (MG/KG BW/DAY) 

GEMS/Food (International)a 1.3 -3.5 (for a 60 kg person) 

Japan, Per Capita 0.04 

Japan, Replacement Estimateb 3 

US, Replacement Estimateb 5 

a WHO Global Environment Monitoring System — Food Contamination Monitoring 

and Assessment Programme. 
b These estimates were prepared in parallel to those for the international estimates; it 

was assumed that all dietary sugars in diets in Japan and the US would be replaced 

by steviol glycosides on a sweetness equivalent basis, at a ratio of 200:1. 

In October 2009, Cargill applied to FSANZ to increase the maximum usage levels of high purity 
steviol glycosides in the high-volume food categories of ice cream and various beverages. Cargill 
supported its application with increased usage levels by presenting market share analyses that 
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overestimate actual intake while remaining well below the generally accepted ADI. In December 
2010, FSANZ recommended accepting the increased usage levels as requested since no public 
health and safety issues were identified (FSANZ, 2010). Subsequently, FSANZ approved the 
Cargill application to increase the allowed maximum permitted level (MPL) of steviol glycosides 
(expressed as steviol equivalents) in ice cream, water based beverages, brewed soft drinks, 
formulated beverages and flavored soy beverages up to 200 mg per kg and in plain soy beverages 
up to 100 mg per kg (FSANZ, 2011). 

On January 13, 2011, EFSA revised its dietary exposure assessment of steviol glycosides. For 
high consumers, revised exposure estimates to steviol glycosides remain above the established 
ADI of 4 mg per kg bw (steviol equivalent). For European children aged 1-14 years, revised intake 
estimates ranged from 1.7 to 16.3 mg per kg bw per day, and for adults, the range was reported to 
be from 5.6 to 6.8 mg per kg bw per day (EFSA, 2011b). 

Most recently, Roberts et al. (2016) suggested that a higher ADI is justified based on metabolic 
factors to reduce the 100X safety factor. A chemical-specific adjustment factor (CSAF), as defined 
by the WHO in 2005, was determined by comparative studies in rats and humans. A CSAF that is 
less than the standard 100X safety factor will result in an increase in the ADI, independent of the 
no observed adverse effect level (NOAEL). The authors determined that using a CSAF can justify 
an ADI value of 6-16 mg per kg bw per day for steviol glycosides, depending on whether area 
under the plasma-concentration time curve (AUC) or Cmax data are used when considering the 
1,000 mg per kg bw per day NOAEL (which is equivalent to 400 mg per kg bw per day of steviol) 
for stevioside reported by Toyoda et al. (1997). 

There have been many scholarly estimates of potential dietary intake of replacement sweeteners---
including steviol glycosides---that have been published (FSANZ, 2008; Renwick, 2008; WHO, 
2003) or submitted to FDA (Merisant, 2008). In GRN 301, a simplified estimate was proposed to 
and accepted by FDA based on the estimates of exposure in “sucrose equivalents” (Renwick, 
2008) and the sweetness intensity of any particular sweetener (BioVittoria, 2009). As summarized 
in GRN 301, the 90th percentile consumer of a sweetener which is 100 times as sweet as sucrose 
when used as a total sugar replacement would be a maximum of 9.9 mg per kg bw per day for any 
population subgroup. 
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Appendix 9  Studies on Steviol Glycosides Preparations That 
Are Primarily Mixtures of Stevioside & Rebaudioside A  

This appendix summarizes studies on stevioside or stevia extracts that were identified 
compositionally as predominantly stevioside. In some of the published literature, the terms stevia, 
stevioside, and stevia glycoside are used interchangeably. However, wherever possible, an 
attempt has been made to identify the specific substance studied. 

1. Absorption, Distribution, Metabolism & Excretion (ADME) Studies 

Several studies in rats (Wingard Jr et al., 1980; Nakayama et al., 1986; Koyama et al., 2003b) and 
other animal models, including chickens (Geuns et al., 2003b), hamsters (Hutapea et al., 1999), 
and pigs (Geuns et al., 2003a), indicate that stevioside is not readily absorbed from the 
gastrointestinal (GI) tract. Available evidence from in vitro metabolism studies suggests that 
bacteria in the colon of rats and humans can transform various stevia glycosides into steviol 
(Gardana et al., 2003). Steviol was shown to be more readily transported with in vitro intestinal 
preparations than various steviosides (Geuns et al., 2003a; Koyama et al., 2003b). Slow 
absorption of steviol was indicated by detection in the plasma of rats given oral stevioside (Wang 
et al., 2004). However, Sung (2002) did not detect plasma steviol following oral administration of 
steviosides to rats. In studies with human and rat liver extracts, Koyama et al. (2003b) 
demonstrated that steviol can be converted to various glucuronides. Excretion of metabolites of 
stevioside after oral doses has been shown in urine and feces in rats (Sung, 2002) and hamsters 
(Hutapea et al., 1999). Oral doses in pigs led to the detection of metabolites in feces but not in 
urine (Geuns et al., 2003a).  

Koyama et al. (2003b) published an in vitro study in which α-glucosylated steviol glycosides were 
degraded by fecal microflora to steviol glycosides. These are subsequently hydrolyzed to the 
aglycone, steviol, demonstrating that the metabolic fate of α-glucosylated steviol glycosides follows 
that of non-modified steviol glycosides. Due to the similarities in metabolic fate, the safety of α-
glucosylated steviol glycosides can be established based on studies conducted with non-modified 
steviol glycosides. Furthermore, as individual steviol glycosides show similar pharmacokinetics in 
the rat and humans, the results of toxicology studies on individual steviol glycosides are applicable 
to the safety of steviol glycosides in general. 

In a human study with 10 healthy subjects, Geuns et al. (2006) measured blood, urine, and fecal 
metabolites in subjects who received 250 mg of purified stevioside (>97%) three times a day for 3 
days. Urine was collected for 24 hours on day 3, and blood and fecal samples were also taken on 
day 3. Free steviol was detected in feces but not in blood or urine. Steviol glucuronide was 
detected in blood, urine, and feces. Approximately 76% of the total steviol equivalents dosed were 
recovered in urine and feces. Based on these measurements, the authors concluded that there 
was complete conversion of stevioside in the colon to steviol, which was absorbed and rapidly 
converted to the glucuronide. 
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Renwick and Tarka (2008) reviewed studies on microbial hydrolysis of steviol glycosides. The 
reviewers concluded that stevioside and Reb A are not absorbed directly, and both are converted 
to steviol by gut microbiota in rats and in humans. This hydrolysis occurs more slowly for Reb A 
than for stevioside. Studies have shown that steviol-16,17-epoxide is not a microbial metabolite. 

2. Acute Toxicity Studies 

The oral LD50 studies of stevioside (purity, 96%) following administration of a single dose to rodents 
are summarized in Table 9-1. No lethality was noted within 14 days after the administration, and no 
clinical signs of toxicity, or morphological or histopathological changes were found, indicating that 
stevioside is relatively harmless. 

Table 9-1. Acute Toxicity of Stevioside (Purity 96%) Given Orally to Rodents 

SPECIES SEX LD50 (G/KG BW) REFERENCE 

Mouse Male and Female >15 Toskulkac et al. (1997) 
Mouse Male > 2 Medon et al. (1982) 

Rat Male and Female >15 Toskulkac et al. (1997) 
Hamster Male and Female >15 Toskulkac et al. (1997) 

3. Subchronic Toxicity Studies 

In five published studies, subchronic toxicity of stevioside was investigated in rats following oral 
administration. In addition, a reproduction study in hamsters included subchronic phases on the F0, 
F1, and F2 generations. These studies are summarized in Table 9-2. One of these studies was 
particularly important because it served as a range-finding study for two subsequent chronic 
studies. In this 13-week toxicity study, Fischer 344 rats (10 per sex per group) were given doses of 
0, 0.31, 0.62, 1.25, 2.5, or 5% in the diet (equivalent to 160, 310, 630, 1,300, and 2,500 mg per kg 
bw per day) to determine the appropriate doses for a two-year carcinogenicity study. None of the 
animals died during the administration period, and there was no difference in body weight gain 
between the control and treated groups during administration or in food consumption in the latter 
part of the study. The activity of lactic dehydrogenase and the incidence of single-cell necrosis in 
the liver were increased in all groups of treated males. The authors considered these effects to be 
nonspecific, because of the lack of a clear dose-response relationship, the relatively low severity, 
and their limitation to males. Other statistically significant differences in hematological and 
biochemical parameters were also considered to be of minor toxicological significance. The 
authors concluded that a concentration of 5% in the diet was a suitable maximum tolerable dose of 
stevioside for a two-year study in rats (Aze et al., 1990). 

In earlier 3-month rat studies reviewed by Geuns et al. (2003a)---the sample purity, doses, and 
strain of rat were not reported---a no effect level was determined to be in excess of 2,500 mg per 
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kg bw per day and 7% of the diet, apparently due to lack of effects at the highest dose tested in 
both studies (Akashi and Yokoyama, 1975). 

In a published exploratory subchronic toxicity study, Awney et al. (2011) investigated the effects of 
97% pure stevioside on body weight, organ relative weight, hematological and biochemical 
parameters, and enzyme activities in Sprague Dawley rats. In this 12-week toxicity study, groups of 
male rats (8 per group) were given drinking water containing stevioside. The groups were assigned 
to drink distilled water (control), low-dose stevioside solution (15 mg per kg per day), high-dose 
stevioside solution (1,500 mg per kg per day), or low-dose stevioside (15 mg per kg per day) plus 
inulin solution for 12 weeks as the sole source of liquid. Fluid intake was recorded daily, and levels 
of test articles were adjusted weekly to achieve the appropriate target concentration. Low-dose 
stevioside (15 mg per kg bw per day) administration, with or without inulin, for 12 weeks did not 
reveal any adverse effects on body weight, organs relative weight, hematological and biochemical 
parameters, or enzyme activities. However, treatment with high-dose stevioside was reported to 
cause significant changes in several investigated toxicological parameters. Among the 
hematological parameters, significant changes were noted in all except white blood cells (WBCs), 
red blood cells (RBCs), and packed cell volume (PCV%), and in all clinical chemistry parameters 
except proteins, total lipids, serum alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST). These data support the no observed effect level (NOEL) of 15 mg per kg 
per day. However, critical review of the publication reveals that the study was poorly designed and 
implemented. Design deficiencies include: insufficient numbers of animals; group-housing with the 
potential for stress-related changes; unreliable access to steviol via drinking water, resulting in 
suspect dosing calculations in group-housed cages; no indication of fasting prior to blood 
collection, which affects many chemistry and hematological values; no urine collection; and no 
histopathological evaluations for confirmation of findings beyond the controls. In addition to these 
study design deficiencies, the report fails to adequately present mean or individual organ weight 
data and, in general, there appears to be inadequate comparison of study findings against 
laboratory historical control data. Any one of these oversights could have adversely affected the 
results and/or interpretation of the hematological and chemistry data. 

In addition to the above-described parameters, tartrate-resistant alkaline phosphatase (TRAP) 
levels were measured and found to be significantly decreased (Awney et al., 2011). TRAP is an 
enzyme that is expressed by bone-resorbing osteoclasts, inflammatory macrophages, and 
dendritic cells. This enzyme was not measured in any previous steviol glycosides studies nor has it 
been adequately vetted for application in toxicological studies. These investigators did not identify 
the specific TRAP isomer measured, the methodology employed, the handling of the samples, or 
any historical data on TRAP levels. The significance and relevance of this poorly documented 
toxicological endpoint, which lacks histopathological confirmation, does not appear to have a 
distinct role in determining the toxicological profile of a material in a test animal. The data 
presented by Awney et al. (2011) are probably not representative of changes due to the 
subchronic dietary administration of steviol glycosides because of overall inadequate study design 
and reliance on the findings of the untested enzyme TRAP. The preponderance of the data from 
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several well-designed studies on steviol glycosides suggest that differences noted in hematological 
and chemistry data are probably random, nonspecific, and not toxicologically significant. 

Critical reviews of the publication by Carakostas (2012) and Waddell (2011) revealed a poor study 
design that included: insufficient numbers of animals; group-housing with the potential for stress-
related changes; unreliable access to steviol via drinking water resulting in suspect dosing 
calculations in group-housed cages; no indication of fasting prior to blood collection, which affects 
many chemistry and hematological values; no urine collection; and no histopathological 
evaluations for confirmation of findings beyond the controls. Additionally, the report did not 
adequately describe mean or individual organ weight data and lacked comparison of study findings 
against laboratory historical control data. 

Table 9-2.  Summary of Subchronic Studies on Stevioside 

STUDY 

ANIMAL 

MODEL/ 

GROUP 

SIZE 

TEST 

MATERIAL/ 

SAMPLE 

PURITY 

DOSES / 

DURATION 

AUTHOR 

ASSIGNED 

NOAEL 

(MG/KG 

BW/DAY) 

RESULTS AND REMARKS 

Aze et al. 

(1990)a 

F344 rat/ 

10 

females & 

10 males 

in each of 

6 groups 

Stevioside/ 

Not 

reported 

0, 0.31, 0.62, 

1.25, 2.5, 5% 

in diet/day/13 

weeks 

Not 

reported 

No effects observed on mortality, body weight or food 
consumption. Clinical chemistry investigation revealed 
increased LDH levels & histopathological investigation 
indicated increased incidence of single-cell liver necrosis in 
all male treated groups, but no clear dose-response 
relationship. Investigators did not consider these changes to 
be treatment related due to small magnitude & low severity 
of changes, the lack of clear dose response relationship & 
limitation to males only. Organ weights, urine chemistry & 
gross necropsy not discussed. Authors concluded that 5% 
stevioside in diet is tolerable dose for 2-year study. 

Mitsuhashi 

(1976)b 

Rat 

(strain not 

reported) 

Stevioside/ 

Not 

reported 

Dietary 

concentrations 

up to 7%/day/ 

3 months 

Not 

reported 

No effects noted at all doses tested. Experimental details 

such as body weight, organ weight, blood analysis, urine 

chemistry, gross necropsy & histopathology not discussed. 

Akashi and 

Yokoyama 

(1975)b 

Rat 

(strain not 

reported) 

Stevioside/ 

Not 

reported 

Oral doses up 

to 2,500 

mg/kg 

bw/day/3 

2,500 

No effects noted at all doses tested. Experimental details 

such as body weight, organ weight, blood analysis, urine 

chemistry, gross necropsy & histopathology not discussed. 

months 

Awney et al. 

(2011) 

Sprague 

Dawley 

rats 

Stevioside 

97% 

Drinking water 

(15, 1,500 

mg/kg bw 

/day/12 

weeks) 

15 

Treatment with high dose stevioside caused significant 

changes in several investigated toxicological parameters. 

Among hematological parameters, significant changes 

noted in all except WBCs, RBCs & PCV% & in all clinical 

chemistry parameters except proteins, total lipids, ALT and 

AST. 
a Abstract only  b As reported by Geuns et al. (2003a) 
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4. Chronic Toxicity Studies 

Chronic effects of stevioside have been studied in three separate studies (Table 9-3). No 
treatment-related increase in tumor incidence was seen in any of these studies. In the most recent 
and well-documented study for which additional study details were presented to JECFA in 2006 
(WHO, 2006), the apparent no observed adverse effect level (NOAEL) in F344 rats was the dietary 
level of 2.5% [test sample purity 96%, Toyoda et al. (1997)]. At 5% of the diet, statistically 
significant decreases in body weight, percent survival, and kidney weight were noted. The authors 
attributed these effects to various factors. The decrease in body weight was attributed to an 
inhibition of glucose utilization. The decrease in survival seemed to have been caused by an 
unusual late onset of large granular lymphocyte leukemia in high dose males. The authors 
reported that this tumor is rather common in F344 rats and that the overall incidence in male rats 
was actually within the historical control range experienced in the laboratory where studies were 
conducted. According to the authors, the decrease in kidney weight was probably due to a 
decrease in chronic inflammation found in the histopathological examination relative to control 
animals. 

Table 9-3.  Summary of Chronic Toxicity Studies on Stevioside 

STUDY 

ANIMAL 

MODEL/ 

GROUP 

SIZE 

TEST 

MATERIAL/ 

SAMPLE 

PURITY 

DOSES / 

DURATION 

AUTHOR 

ASSIGNED 

NOAEL 

(MG/KG 

BW/DAY) 

RESULTS AND REMARKS 

Toyoda et 

al. (1997) 

F344 rat/ 

50 per 

sex per 

group 

95.6% 

Stevioside 

Ad libitum 

0,2.5, 5% of 

diet/~24 

months (104 

weeks) 

Author did not 

assign a 

NOAEL. 

(Mid-dose 

calculates to 

970 in males; 

JECFA, 2006) 

Significant decrease in survival rates in males receiving 5%. 
General condition, body weight, food intake, mortality, 
hematological, histopathological & organ weights observed or 
measured. Body weight gains dose-dependently decreased 
in both sexes. Kidney weights significantly lower in 5% males 
& ovary, kidney, & brain weights significantly increased in 5% 
females. Tumors & non-neoplastic lesions found in all groups 
& not correlated to treatment. Conclusion--stevioside is not 
carcinogenic under these experimental conditions. 

Xili et al. 

(1992)a 

Wistar 

rat/ 

45 per 

sex per 

group 

85% 

Stevioside 

0, 0.2, 0.6, 

1.2 % of 

diet/24 

months 

794 

(high dose) 

After 6, 12 & 24 months, 5 rats from each group sacrificed for 

analysis. No effects observed on growth, food utilization, 

general appearance, mortality, or lifespan. No changes in 

hematological, urinary, or clinical biochemical values. 

Histopathological analysis showed that the neoplastic and 

non-neoplastic lesions unrelated to level of stevioside in diet. 

Yamada 

et al. 

(1985) 

F344 rat/ 

70 per 

sex per 

group, 

30 per 

sex per 

group in 

low-dose 

95.2% 

Steviol 

glycosides 

(75% 

stevioside; 

16% Reb 

A) 

0.1, 0.3, 1% 

of diet/22 

months for 

males, 24 

months for 

females 

550 

(high dose) 

At 6 &12 months, 10 males & 10 females sacrificed for 

analysis. General behavior, growth & mortality were same 

among groups throughout experiment. At 6 months, protein 

urea significantly increased in females, & blood glucose 

increased in both sexes, although urinary glucose not 

detected. Weights of liver, kidney, heart, prostate & testes 

increased in males at 6 months, &weight of ovaries 

decreased in females in dose-dependent manner. 
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STUDY 

ANIMAL 

MODEL/ 

GROUP 

SIZE 

TEST 

MATERIAL/ 

SAMPLE 

PURITY 

DOSES / 

DURATION 

AUTHOR 

ASSIGNED 

NOAEL 

(MG/KG 

BW/DAY) 

RESULTS AND REMARKS 

Histopathological examination showed differences in various 

organs at 6 months that were unrelated to stevioside dose. 

These differences not found at 12 months. Authors 

concluded that there were no significant changes after 2 

years. 
a Only abstract available 

5. Reproductive & Developmental Toxicity Studies 

The use of S. rebaudiana as an oral contraceptive has been reported by Indians in Paraguay 
(Planas and Kuć, 1968; Schvartaman et al., 1977). In experimental studies in rats, crude stevia 
leaf extract has been shown to inhibit fertility (Planas and Kuć, 1968). Reproductive toxicity studies 
have been conducted with orally administered purified stevioside. No effect on fertility or 
reproductive parameters was seen in a three-generation study in hamsters at doses up to 2,500 
mg per kg per day (Yodyingyuad and Bunyawong, 1991). There was an absence of statistically 
significant effects at doses up to 3% [equivalent to 3,000 mg per kg bw per day; sample purity 
96%; Mori et al. (1981)]. Similar results were observed in an additional rat study that was reviewed 
by Geuns et al. (2003a) where limited information is available in English (Usami et al., 1994). 

Groups of 20 pregnant golden hamsters were given steviol (purity, 90%) at doses of 0, 250, 500, 
750, or 1,000 mg per kg bw per day (only 12 animals at the highest dose) by gavage in corn oil on 
days 6 - 10 of gestation. A significant decrease in body weight gain and increased mortality (1/20, 
7/20, and 5/12, respectively) were observed at the three highest doses, and the number of live 
fetuses per litter and mean fetal weight decreased in parallel. Histopathological examination of the 
maternal kidneys showed a dose-dependent increase in the severity of effects on the convoluted 
tubules (dilatation, hyaline droplets). However, no dose-dependent teratogenic effects were seen. 
The NOEL was 250 mg per kg bw per day for both maternal and developmental toxicity 
(Wasuntarawat et al., 1998). 

No effect on pregnancy or developmental parameters was observed in Swiss albino mice with 
stevioside or aqueous stevia extract at doses up to 800 mg per kg bw per day in female mice 
(Kumar and Oommen, 2008). Further details on these studies to the extent available are presented 
in Table 9-4. 

GRAS ASSOCIATES, LLC Page 97 of 136 



 

  

GRAS Notice –Festeviol RM 95 
GLG Life Tech Corporation 2/19/19 

Table 9-4.  Summary of Reproductive Toxicity Studies on Steviol Glycosides 

STUDY 

ANIMAL 

MODEL/ 

GROUP SIZE 

TEST 

SAMPLE 

PURITY 

STEVIOSIDE 

(UNLESS 

OTHERWISE 

NOTED) 

DOSES / 

DURATION 

AUTHOR 

ASSIGNED 

NOAEL 

(MG/KG 

BW/DAY) 

RESULTS & REMARKS 

Kumar and 

Oommen 

(2008) 

Swiss albino 

mice/ 4 groups 

of 5 females 

Not reported 

500 & 800 

mg/kg 

bw/day/15 

days 

800 

Stevioside & stevia extract (purity & composition not 
reported) did not have any effect on reproductive 
parameters in mice when administered to female mice 
before or during pregnancy. No changes seen in 
number of implantations or uterine resorptions. No 
gross anatomical or histopathologic effects seen in 16-
day embryos. 

Usami et al. 

(1994)a 

Wistar rat/4 

groups of 25 or 

26 pregnant 

rats 

95.6%b 

0, 250, 

500, 1,000 

mg/kg 

bw/day/10 

days 

1,000 

Pregnant rats given doses of stevioside by gavage 
once/day on days 6-15 of gestation & were sacrificed 
on day 20 of gestation. Fetuses examined for 
malformations in addition to maternal & fetal body 
weight, number of live fetuses, sex distribution & 
numbers of resorptions or dead fetuses. No treatment-
related effects observed. Authors concluded that orally 
administered stevioside not teratogenic in rats. 

Yodyingyuad 

and 

Bunyawong 

(1991) 

Hamster/ 10 

male, 10 

female per 

group (40 

total) 

90% 

0, 500, 

1,000, 

2,500  

mg/kg 

bw/day/ 

duration 

unclear/ 

3 months 

2,500 

Males from each group mated to females from 
respective dose group. Each female allowed to bear 3 
litters during course of experiment.  Stevioside had no 
effect on pregnancies of females at any dose. The F1 & 
F2 hamsters continued to receive stevioside (via 
drinking water for one month, then at same dose as 
parents); showed normal growth & fertility. Histological 
examination showed no effect on reproductive organs 
at any dose. 

Oliveira-Filho 

et al. (1989)a 

Rat/ 

number not 

reported 

Not reported 

(Dried Stevia 

Leaves) 

0 or 

0.67 g 

dried 

leaves/mL, 

2 mL twice 

per day/ 60 

days 

Not reported 

Prepubertal rats (25-30 days old) tested for glycemia; 

serum concentrations of thyroxine; tri-iodothyroxine; 

available binding sites in thyroid hormone-binding 

proteins; binding of 3H-methyltrienolone (a specific 

ligand of androgen receptors) to prostate cytosol; zinc 

content of prostate, testis, submandibular salivary 

gland, & pancreas; water content of testes & prostate; 

body-weight gain; & final weights of testes, prostate, 

seminal vesicle, submandibular salivary gland& 

adrenal. Only difference due to treatment was seminal 

vesicle weight, which fell to 60% compared to control. 

Mori et al. 

(1981) 

Rat/11 male, 

11 female per 

group (44 

total) 

96% 

0, 0.15, 

0.75 or 3 % 

of feed/60 

days 

2,000 

Males given stevioside dose in diet for 60 days before & 

during mating with females who received same diet (as 

mated male) 14 days before mating & 7 days during 

gestation. No effect due to treatment on fertility or 

mating performance& no effect of fetal development. 

Rats of each sex had slightly decreased body weight 

gain at highest dose with non-significant increase in 

number of dead & resorbed fetuses at highest dose. 
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STUDY 

ANIMAL 

MODEL/ 

GROUP SIZE 

TEST 

SAMPLE 

PURITY 

STEVIOSIDE 

(UNLESS 

OTHERWISE 

NOTED) 

DOSES / 

DURATION 

AUTHOR 

ASSIGNED 

NOAEL 

(MG/KG 

BW/DAY) 

RESULTS & REMARKS 

Planas and 

Kuć (1968) 

Rat/14 per 

group (28 

total) 

Not reported 

(Crude stevia 

extract) 

0 or 5% 

Crude 

stevia 

extract /18 

days 

Not reported 

Extract given orally to adult female rats for 12 days, 

who were mated with untreated males during last 6 

days. Fertility reduced to 21% of fertility in control rats & 

remained reduced in a 50-60 day recovery. Histological 

examination, weights of organs, blood analysis, urine 

chemistry and & necropsy not discussed. 
a Only abstract available  b As reported by EuropeanCommission (1999b) 

6. Mutagenicity & Genotoxicity Studies 

In a series of studies, mutagenic and genotoxic effects of various stevia extracts and various 
preparations of stevioside were investigated. These studies are summarized in Table 9-5. All 
studies were negative with the exception of a comet assay done in rats (Nunes et al., 2007). The 
methodology used in this study, and the resulting conclusions, have been questioned by Geuns 
(2007), Williams (2007), and Brusick (2008), and responded to by the authors (Nunes et al., 
2007b; Nunes et al., 2007c) 

Urban et al. (2013) examined the extensive genotoxicity database on steviol glycosides because 
some concern has been expressed in two publications (Brahmachari et al., 2011; Tandel, 2011) in 
which the authors concluded that additional testing is necessary to adequately address the 
genotoxicity profile (Urban et al., 2013). The review aimed to address this matter by evaluating the 
specific genotoxicity studies of concern, while evaluating the adequacy of the database that 
includes more recent genotoxicity data not noted in these publications. The results of this literature 
review showed that the current database of in vitro and in vivo studies for steviol glycosides is 
robust and does not indicate that either stevioside or rebaudioside A are genotoxic. This finding, 
combined with lack of carcinogenic activity in several rat bioassays, establishes the safety of all 
steviol glycosides with respect to their genotoxic/carcinogenic potential. 

Table 9-5.  Mutagenicity & Genotoxicity Studies on Stevia Extracts & Stevioside 

END-POINT TEST SYSTEM MATERIAL PURITY (%) 
CONCENTRATION 

/ DOSE 
RESULT REFERENCE 

In Vitro 

Reverse mutation 

S. typhimurium TA97, TA98, 

TA100, TA102, TA104, 

TA1535, TA1537 

Stevioside 83 
5 mg/platea 

1 mg/plateb 
Negative Matsui et al. (1996) 
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END-POINT TEST SYSTEM MATERIAL PURITY (%) 
CONCENTRATION 

/ DOSE 
RESULT REFERENCE 

Reverse mutation S. typhimurium TA98, TA100 Stevioside 99 50 mg/plate Negativec Suttajit et al. (1993) 

Reverse mutation S. typhimurium TA98, TA100 Stevioside NS 50 mg/plate Negative Klongpanichpak et al. (1997) 

Forward mutation S. typhimurium TM677 Stevioside 83 10 mg/plate Negativec Matsui et al. (1996) 

Forward mutation S. typhimurium TM677 Stevioside NS 10 mg/plate Negativec Pezzuto et al. (1985) 

Forward mutation S. typhimurium TM677 Stevioside NS Not specified Negativec Medon et al. (1982) 

Gene mutation 
Mouse lymphoma L5178Y 

cells, TK- locus 
Stevioside NS 5 mg/mL Negativec,d Oh et al. (1999) 

Gene mutation 

(umu) 

S. typhimurium 

TA1535/pSK1002 
Stevioside 83 5 mg/plate Negativec Matsui et al. (1996) 

Gene mutation B. subtilis H17 rec+, M45 rec- Stevioside 83 10 mg/disk Negativec Matsui et al. (1996) 

Chromosomal 

aberration 

Chinese hamster lung 

fibroblasts 
Stevioside 83 

8 mg/mL 

12 mg/mL 
Negative Matsui et al. (1996) 

Chromosomal 

aberration 
Human lymphocytes Stevioside NS 10 mg/mL Negative Suttajit et al. (1993) 

Chromosomal 

aberration 

Chinese hamster lung 

fibroblasts 
Stevioside 85 12 mg/mL Negativea Ishidate et al. (1984) 

In Vivo 

DNA damage 

(comet assay) 

Wistar rats; liver, brain and 

spleen 
Stevioside 88.62 

4 mg/L 

(estimated to be 

80 - 500 mg/kg 

bw/day) in 

drinking water 

for 45 days 

Positive in 

all tissues 

examined, 

most 

notably in 

liver 

Nunes et al. (2007) 

DNA damage 

(comet assay) 

Male BDF1 mouse stomach, 

colon, liver 

Stevia 

extract 

Stevioside, 

52; Reb A, 

22 

250 – 2,000 

mg/kg bw 
Negativee Sekihashi et al. (2002) 

DNA damage 

(comet assay) 

Male ddY mouse stomach, 

colon, liver, kidney, bladder, 

lung, brain, bone marrow 

Stevia NS 2,000 mg/kg bw Negativee Sasaki et al. (2002) 

Micronucleus 

formation 

ddY mouse bone marrow and 

regenerating liver 
Stevioside NS 

62.5 - 250 

mg/kg bw 
Negative Oh et al. (1999) 

Mutation 
D. melanogaster Muller 5 

strain 
Stevioside NS 2% in feed Negative Kerr et al. (1983) 

a c NS = Not specified  Without metabolic activation b As calculated by Williams (2007) With and without metabolic activation (source not specified 
e in original monograph) d Inadequate detail available Sacrificed at 3 hours and 24 hours 

7. Clinical Studies & Other Reports in Humans 

In several studies, pharmacological and biochemical effects of crude extracts of stevia leaves and 
purified steviol glycosides have been investigated. The effects noted included glucose uptake, 
insulin secretion, and blood pressure (Geuns et al., 2003a). In South America, stevioside is used 
as a treatment for type 2 diabetes. These effects were key concerns for JECFA. In 2006, JECFA 
summarized the available clinical studies of stevioside and further studies were recommended 
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(WHO, 2006). Subsequently, several studies were conducted, and in 2009, JECFA reviewed these 
new studies (WHO, 2009). JECFA’s summaries of the key studies are included below. 

a. Studies Summarized in 2006 

In a study by Curi et al. (1986), aqueous extracts of 5 grams of S. rebaudiana leaves were 
administered to 16 volunteers at 6 hour intervals for three days, and glucose tolerance tests were 
performed before and after the administration. Another six volunteers were given an aqueous 
solution of arabinose in order to eliminate possible effects of stress. The extract increased glucose 
tolerance and significantly decreased plasma glucose concentrations during the test and after 
overnight fasting in all volunteers. 

In a multi-center randomized, double-blind, placebo-controlled trial of hypertensive Chinese men 
and women (aged 28–75 years), 60 patients were given capsules containing 250 mg of stevioside 
(purity not stated) three times per day, corresponding to a total intake of 750 mg of stevioside per 
day [equivalent to 11 mg per kg bw per day as calculated by FSANZ (2008)] and followed up at 
monthly intervals for one year. Forty-six patients were given a placebo. After 3 months, systolic 
and diastolic blood pressure in men and women receiving stevioside decreased significantly, and 
the effect persisted over the year. Blood biochemistry parameters, including lipids and glucose, 
showed no significant changes. Three patients receiving stevioside and one receiving the placebo 
withdrew from the study as a result of side effects (nausea, abdominal fullness, dizziness). In 
addition, four patients receiving stevioside experienced abdominal fullness, muscle tenderness, 
nausea, and asthenia within the first week of treatment. These effects subsequently resolved, and 
the patients remained in the study (Chan et al., 2000). 

In a follow-up multi-center randomized, double-blind, placebo-controlled trial was conducted in 
hypertensive Chinese men and women (aged 20–75 years), 85 patients were given capsules 
containing 500 mg of stevioside (purity not stated) three times per day, corresponding to a total 
intake of 1,500 mg of stevioside per day [equivalent to 21 mg per kg bw per day, as calculated by 
FSANZ (2008)]. Eighty-nine patients were given a placebo. During the course of study, three 
patients in each group withdrew. There were no significant changes in body mass index or blood 
biochemistry parameters throughout the study. In the group receiving stevioside, mean systolic 
and diastolic blood pressures were significantly decreased compared with the baseline, 
commencing from about 1 week after the start of treatment. After 2 years, 6 out of 52 patients 
(11.5%) in the group receiving stevioside had left ventricular hypertrophy compared with 17 of 50 
patients (34%) in the group receiving the placebo (p < 0.001). Eight patients in each group 
reported minor side effects (nausea, dizziness and asthenia), which led two patients in each group 
to withdraw from the study. Four patients in the group receiving stevioside experienced abdominal 
fullness, muscle tenderness, nausea and asthenia within the first week of treatment. These effects 
subsequently resolved and the patients remained in the study (Hsieh et al., 2003). 

In a randomized, double-blind trial designed, 48 hyperlipidemic volunteers were recruited to 
investigate the hypolipidemic and hepatotoxic potential of steviol glycoside extract. The extract 
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used in this study was a product containing stevioside (73 ± 2%), rebaudioside A (24 ± 2%), and 
other plant polysaccharides (3%). The subjects were given two capsules, each containing 50 mg of 
steviol glycoside extract or placebo, twice daily (i.e., 200 mg per day, equivalent to 3.3 mg per kg 
bw per day assuming an average body weight of 60 kg), for 3 months. One subject from placebo 
group and three from treatment group failed to complete the study for personal reasons, not 
related to adverse reactions. At the end of the study, both groups showed decreased serum 
concentrations of total cholesterol and of low-density lipoproteins. Analyses of serum 
concentrations of triglycerides, liver-derived enzymes, and glucose indicated no adverse effects. 
The authors questioned the subjects’ compliance with the dosing regimen, in view of the similarity 
of effect between treatment and placebo (Anonymous, 2004). In a follow-up study, 12 patients 
were given steviol glycosides extract in incremental doses of 3.25, 7.5, and 15 mg per kg bw per 
day for 30 days per dose. Preliminary results indicated no adverse responses in blood and urine 
biochemical parameters (Anonymous, 2004). 

In a paired cross-over study, 12 patients with type 2 diabetes were given either 1 gram of 
stevioside (stevioside, 91%; other stevia glycosides, 9%) or 1 gram of maize starch (control group), 
which was taken with a standard carbohydrate-rich test meal. Blood samples were drawn at 30 
minutes before, and for 240 minutes after, ingestion of the test meal. Stevioside reduced 
postprandial blood glucose concentrations by an average of 18% and increased the insulinogenic 
index by an average of 40%, indicating beneficial effects on glucose metabolism. Insulin secretion 
was not significantly increased. No hypoglycemic or adverse effects were reported by the patients 
or observed by the investigators. Systolic and diastolic blood pressure was not altered by 
stevioside administration (Gregersen et al., 2004). 

b. Studies Summarized in 2009 

In a short-term study of stevioside in healthy subjects, 4 male and 5 female healthy volunteers 
(aged 21–29 years) were provided with capsules containing 250 mg stevioside (97% purity) to be 
consumed 3 times per day for 3 days (Temme et al., 2004). Doses, expressed as steviol, were 288 
mg per day, or 4.4 mg per kg bw per day for females and 3.9 mg per kg bw per day for males. 
Twenty-four-hour urine samples were taken before dosing on day 1 and after dosing on day 3. 
Fasting blood samples were taken before dosing on day 1, and six samples were taken at different 
time points on day 3 after dosing. Fasting blood pressure measurements were taken before the 
first capsule and at six different time intervals after the first dose. Urine was analyzed for 
creatinine, sodium, potassium, calcium, and urea. Blood was analyzed for plasma glucose, plasma 
insulin, alkaline phosphatase, alanine transaminase (ALT), glutamic-pyruvate transaminase (GPT), 
creatine kinase, and lactate dehydrogenase. The clinical analyses of blood, blood pressure, and 
urine showed no differences between samples taken before or after dosing. 

In an unpublished double-blind, placebo-controlled trial study reviewed at the 68th JECFA meeting, 
250 mg of a product containing 91.7% total steviol glycosides, including 64.5% stevioside and 
18.9% rebaudioside A, was administered to groups of type 1 (n = 8) and type 2 diabetics (n = 15), 
and non-diabetics (n = 15), 3 times daily for 3 months. Control groups with the same number of 
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subjects received a placebo. After 3 months, there were no significant changes in systolic or 
diastolic blood pressure, glycated hemoglobin (HbA1c), blood lipids, or renal or hepatic function. 
No adverse effects were reported. This study was approved by the local ethics committee and met 
the requirements of the Declaration of Helsinki (Barriocanal et al., 2006; Barriocanal et al., 2008). 
The Committee previously noted that this product did not meet the proposed specification of “not 
less than 95% steviol glycosides” and that the study was conducted in a small number of subjects. 

In a follow-up study, Barriocanal et al. (2008) evaluated the effects of steviol glycosides on blood 
glucose and blood pressure (BP) for three months in subjects with type 1 diabetes, subjects with 
type 2 diabetes, and subjects without diabetes and with normal/low-normal BP levels. Patients in 
each group received either 250 mg total dissolved solids (tds) steviol glycoside, stevioside, or 
placebo treatment. The purity of the steviol glycosides was ≥ 92%. Three months of follow up 
revealed no changes in systolic BP, diastolic BP, glucose, or glycated hemoglobin from baseline. 
In placebo type 1 diabetics, there was a significant difference in systolic BP and glucose. There 
were no adverse effects observed in either treatment group, and the authors concluded that oral 
steviol glycosides are well-tolerated and have no pharmacological effect. 

A study of antihypertensive effects was conducted in previously untreated mild hypertensive 
patients with crude stevioside obtained from the leaves of S. rebaudiana. Patients with essential 
hypertension were subjected to a placebo phase for 4 weeks and then received either capsules 
containing placebo for 24 weeks or crude stevioside at consecutive doses of 3.75 mg per kg bw 
per day (7 weeks), 7.5 mg per kg bw per day (11 weeks) and 15 mg per kg bw per day (6 weeks). 
Comparison of patients receiving stevioside with those on placebo showed neither 
antihypertensive nor adverse effects of stevioside. This study was approved by the local ethics 
committee and met the requirements of the Declaration of Helsinki (Ferri et al., 2006). The product 
in this study also did not meet the proposed specification. 

A placebo-controlled double-blind trial was carried out in 49 hyperlipidemic patients (aged 20–70 
years, number of males and females not supplied) not undergoing treatment. The study was 
approved by the local ethics committee and complied with the principles of the Declaration of 
Helsinki. Individuals were divided into two groups, with 24 subjects receiving placebo capsules and 
25 receiving capsules containing a dose of 50 mg steviol glycosides (70% stevioside, 20% 
Rebaudioside A), equivalent to 1.04 mg steviol per kg bw per day, using the mean body weight of 
the treatment group, 72.7 kg. Two capsules were taken before lunch, and two before dinner, each 
day for 90 days. Six subjects withdrew from the study, four in the placebo group and two in the test 
group. Self-reported adverse reactions were recorded, and fasting blood samples were taken at 
the end of the study and analyzed for alanine transaminase (ALT), aspartate aminotransferase 
(AST), gamma-glutamyltransferase (GGT), total cholesterol, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), very low-density lipoprotein (VLDL), and triglycerides. No effects of 
treatment on ALT, AST, or GGT were found. Decreases in the total cholesterol and LDL were 
observed in both the stevioside group and the placebo group, which were not treatment related. No 
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adverse effects were observed (Silva et al., 2006). The Committee noted at its 68th meeting that 
the product used in this study did not meet the proposed specification. 

In a long-term, randomized, double blinded, placebo-controlled study, Jeppesen et al. (2006) 
investigated the efficacy and tolerability of oral stevioside in patients with type 2 diabetes. In this 
study, 55 subjects received 500 mg stevioside (purity unspecified), or placebo (maize starch), 3 
times daily for 3 months. Compared with the placebo, stevioside did not reduce the incremental 
area under the glucose response curve and maintained the insulin response, HbA1c, and fasting 
blood glucose levels. HbA1c is an indicator of mean glucose levels and is used in identifying 
effects on the control of diabetes. No differences in lipids or blood pressure were observed. It is not 
clear whether this study was approved by the local ethics committee or met the requirements of the 
Declaration of Helsinki (Jeppesen et al., 2006). 
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Appendix 10  Summary of the Regulatory History  of Steviol Glycosides  

1. History of Traditional Medicinal and Human Food Use 

Stevia has been used as a traditional medicine and sweetener by native Guarani tribes for 
centuries (Esen, 2016; Gerwig et al., 2016; Brusick, 2008; Brandle et al., 1998). Hawke (2003) 
reported that stevia is commonly used as a treatment for type 2 diabetes in South America. 
However, for its therapeutic effects, elevated doses in the range of 1 gram per person per day or 
more were reported to be necessary (Gregersen et al., 2004). 

For about 30 years, consumers in Japan and Brazil, where stevia has long been approved as a 
food additive, have been using stevia extracts as non-caloric sweeteners (Raintree, 2012). It was 
previously reported that 40% of the artificial sweetener market in Japan had been stevia based and 
that stevia is commonly used in processed foods in Japan (Lester, 1999). Use of steviol glycosides 
as a dietary supplement is presently permitted in the US, Canada, Australia, and New Zealand, 
and as a natural health product in Canada. It has wide use in China and Japan in food and in 
dietary supplements. In 2005, it was estimated that sales of stevia in the US reached $45 million 
(Newsday, 2006). 

More recent reports of consumption figures for stevia reveal pronounced increases in global 
consumption. Worldwide, Zenith International estimates stevia sales of 3,500 metric tons in 2010, 
which represents a 27% increase over 2009 figures. The market value is estimated to have 
increased to $285 million (Zenith, 2011). In 2013, worldwide sales of stevia was reported to reach 
4,100 tons which represents a 6.5% increase over 2011 figures, and this corresponds to an overall 
market value of $304 million (Zenith, 2013). 

In October 2014, Zenith International reported that worldwide stevia sales were on course to 
increase 14% to 4,670 tons, associated with a market value of $336 million. Furthermore, it has 
been projected that the total market for stevia in 2017 will be 7,150 tons with an associated market 
value of $578 million (Zenith, 2014). 

NewHope360 reported that the global market for stevia in 2014 was $347 million, and that is 
expected to increase to $565.2 million by 2020. In addition, consumption is expected to increase 
from 2014 levels of 5,100.6 tons to 8,506.9 tons by 2020 (NewHope360, 2015). 

More recently, Nutritional Outlook reported that Mintel data indicated a 48% increase in stevia-
containing products over the last five years (Decker and Prince, 2018). 

2. Summary of Regulatory History of Enzyme Modified Steviol Glycosides 

Stevia-derived sweeteners are permitted as food additives in South America and in several 
countries in Asia, including China, Japan, and Korea. In recent years, these sweeteners have 
received food usage approvals in Mexico, Australia, New Zealand, Switzerland, France, Peru, 
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Uruguay, Colombia, Senegal, Russia, Malaysia, Turkey, Taiwan, Thailand, Israel, Canada, and 
Hong Kong (EFSA, 2010; Watson, 2010; Health Canada, 2012). In the US, steviol glycosides have 
been used as a dietary supplement since 1995 (Geuns et al., 2003a). 

a. U.S. Regulatory History 

Based on available information from FDA’s GRAS Notice Inventory website (FDA, 2018) as of 
December 11, 2018, FDA has issued 56 “no questions” letters on GRAS notices on rebaudioside 
A, rebaudioside D, rebaudioside M, or steviol glycosides, including those undergoing enzyme 
treatment. A summary of these filings is presented in Table 10-1. 

Table 10-1. FDA’s GRAS Notice Inventory on Various Steviol Glycosides Preparationsa,c 

COMPANY 
FDA GRAS 

IDENTIFIER 
MATERIAL IDENTITY INTENDED FOOD USES 

1. Merisant GRN 252 High-Purity Reb A >95% 
Variety of food categories & table top 

sweetener 

2. Cargill Inc. GRN 253 High-Purity Reb A >97% 
General-purpose sweetener, excluding 

meat & poultry products 

3. McNeil Nutritionals LLC GRN 275 
Purified Steviol Glycosides – Reb A 

Principal Component 
Table top sweetener 

4. Blue California GRN 278 High-Purity Reb A >97% General-purpose & table top sweetener 

5. Sweet Green Fields LLC GRN 282 High-Purity Reb A >97% 
General-purpose sweetener, excluding 

meat & poultry products 

6. Wisdom Natural Brands GRN 287 
Purified Steviol Glycosides >95% - Reb A 

and Stevioside Principal Component 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

7. Sunwin USA LLC & WILD 

Flavors 
GRN 303 High-Purity Reb A >95%/ >98% 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

8. Sunwin USA LLC & WILD 

Flavors 
GRN 304 

Purified Steviol Glycosides >95% - Reb A 

and Stevioside Principal Component 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

9. Pyure Brands, LLC GRN 318 High-Purity Reb A 95%/ 98% 

General-purpose & table top sweetener, 

excluding meat, poultry products & infant 

formulas 

10. PureCircle USA Inc GRN 323 
Purified Steviol Glycosides – Reb A 

Principal Component 

General-purpose & table top sweetener, 

excluding meat, poultry products & infant 

formulas 

11. GLG Life Tech Ltdc GRN 329 High-Purity Reb A >97% 
General-purpose sweetener, excluding 

meat & poultry products 

12. NOW Foods GRN 337 
Enzyme Modified Steviol Glycosides 

Preparation (EMSGP) 

General-purpose sweetener in foods, 

excluding meat & poultry products, at levels 

determined by good manufacturing 

practices 

13. GLG Life Tech Ltdc GRN 348 High-Purity Stevioside >95% 

General-purpose & table top sweetener, 

excluding meat, poultry products & infant 

formulas 

14. GLG Life Tech Ltdc GRN 349 High-Purity Steviol Glycosides >97% 

General-purpose & table top sweetener, 

excluding meat, poultry products & infant 

formulas 
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COMPANY 
FDA GRAS 

IDENTIFIER 
MATERIAL IDENTITY INTENDED FOOD USES 

15. Guilin Layn Natural 

Ingredients, Corp. 
GRN 354 High-Purity Reb A >97% 

General-purpose & table top sweetener, 

excluding meat, poultry products & infant 

formulas 

16. BrazTek International 

Inc. 
GRN 365 Purified Reb A 

General-purpose sweetener, excluding 

meat & poultry products 

17. Sinochem Qingdao Co. 

Ltd. 
GRN 367 High-Purity Steviol Glycosides >95% 

General-purpose & table top sweetener, 

excluding meat, poultry products & infant 

formulas 

18. Shanghai Freemen 

Americas LLC 
GRN 369 Purified Reb A 

General-purpose sweetener, excluding 

meat & poultry products 

19. Toyo Sugar Refining Co., 

Ltd. & Nippon Paper 

Chemicals Co., Ltd. 

GRN 375 Enzyme Modified Steviol Glycosides 

General-purpose sweetener in foods, 

excluding meat and poultry products, at 

levels determined by good manufacturing 

practices 

20. GLG Life Tech Ltdb GRN 380 Purified Reb A 
General purpose & table top sweetener, 

excluding meat & poultry products 

21. Chengdu Wagott 

Pharmaceutical 
GRN 388 Purified Reb A 

General purpose & table top sweetener, 

excluding meat & poultry products 

22. Chengdu Wagott 

Pharmaceutical 
GRN 389 

Steviol Glycosides with Stevioside as the 

Principal Component 

General purpose & table top sweetener, 

excluding meat & poultry products 

23. Daepyung Co., Ltd. GRN 393 Purified Reb A 
General purpose & table top sweetener, 

excluding meat & poultry products 

24. Daepyung Co., Ltd. GRN 395 
Steviol Glycosides with Reb A and 

Stevioside as the Principal Components 

General purpose & table top sweetener, 

excluding meat & poultry products 

25. MiniStar International, 

Inc. 
GRN 418 Purified Reb A 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

26. Daepyung Co., Ltd. GRN 448 Enzyme Modified Steviol Glycosides 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

27. Daepyung Co., Ltd. GRN 452 Enzyme Modified Steviol Glycosides 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

28. PureCircle USA, Inc. GRN 456 High-Purity Reb D >95% 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

29. Almendra, Ltd. GRN 461 High-Purity Reb A >97% 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

30. Qufu Xiangzhou Stevia 

Products Co., Ltd. 
GRN 467 High-Purity Reb A >98% 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

31. PureCircle USA, Inc. GRN 473 
Purified Steviol Glycosides – Reb M (Reb 

X) Principal Component 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

32. GLG Life Tech Corp. GRN 493 High purity steviol glycosides >95% 
General-purpose sweetener, excluding 

meat, poultry products. 

33. GLG Life Tech Corp. GRN 512 High purity Reb M >95% 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

34. Almendra Limited GRN 516 
Steviol Glycosides with Reb A and 

Stevioside as the Principal Components 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

35. GLG Life Tech Corp. GRN 536 
High purity Reb C and Steviol glycosides 

with Reb C as the Principal Component 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

36. GLG Life Tech Corp. GRN 548 High purity Reb D 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 
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COMPANY 
FDA GRAS 

IDENTIFIER 
MATERIAL IDENTITY INTENDED FOOD USES 

37. Productora Alysa SpA GRN 555 
Steviol Glycosides with Reb A as the 

Principal Component 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

38. PureCircle, Ltd. GRN 607 
Glucosylated steviol glycosides (minimum 

purity 80%) 

Use as a flavoring agent and flavor modifier 

at levels ranging from 100 to 1,000 ppm 

39. PureCircle, Ltd. GRN 619 Steviol Glycosides >95% 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

40. Cargill, Inc. GRN 626 
Steviol glycosides (Reb M and Reb D) 

produced in Saccharomyces cerevisiae 
General-purpose sweetener 

41. DSM Nutritional 

Products, LLC. 
GRN 632 Rebaudioside A from Yarrowia lipolytica 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

42. Hunan Huacheng 

Biotech Inc. 
GRN 638 

High purity steviol glycosides with Reb A 

as the principal component 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

43. GLG Life Tech 

Corporation 
GRN 656 Enzyme-modified steviol glycosides 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

44. PureCircle USA GRN 662 Glucosylated steviol glycosides 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

45. Blue California GRN 667 Rebaudioside M 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

46. Xinghua GL Stevia Co., 

Ltd 
GRN 702 Purified steviol glycosides General-purpose sweetener 

47. Blue California GRN 715 Rebaudioside D 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

48. Shandong 

Shengiangyuan 

Biotechnology 

GRN 733 Purified steviol glycosides 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

49. PureCircle Limited GRN 744 Rebaudioside M 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

50. PureCircle Limited GRN 745 Rebaudioside M 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas. 

51. DSM Food 

Specialties/DSM 

Nutritional Products 

North America 

GRN 759 
Steviol glycosides consisting primarily  of 

Rebaudioside M from Yarrowia lipolytica 
Flavor and general-purpose sweetener 

52. Sichuan Ingia 

Biosynthetic Co., Ltd. 
GRN 764 Rebaudioside D 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

53. Cargill, Inc. GRN 768 Stevia leaf extract 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

54. Tate and Lyle GRN 780 Rebaudioside M 
General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

55. Steviana Bioscience 

(Suzhou) Inc. 
GRN 795 Purified steviol glycosides 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas 

56. Sichuan Ingia 

Biosynthetic Co., Ltd. 
GRN 799 Rebaudioside M 

General-purpose sweetener, excluding 

meat, poultry products & infant formulas 
a This table was derived, in part, from McQuate (2011).  
b The name of this company is now GLG Life Tech Corporation. 
C GRN 790, submitted by GLG Life Tech Corporation, regarding steviol glycosides (minimum purity 95%), was filed by FDA and is presently under 

review; GRN 812, Amyris, Inc., regarding Rebaudioside M, was filed by FDA and is presently under review. 
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In addition, the Flavor and Extract Manufacturers Association (FEMA) has included several steviol 
glycosides preparations on their GRAS lists as shown in Table 10-2. 

Table 10-2. FEMA GRAS Status for Steviol Glycoside Preparations 

STEVIOL GLYCOSIDES PREPARATION FEMA NUMBER REFERENCE 

Rebaudioside A 4601 Smith et al. (2009) 

Rebaudioside C; dulcoside B 4720 Leffingwell (2011) 

Glucosyl steviol glycosides; 

enzymatically modified stevia extract 
4728 

Leffingwell and Leffingwell (2014); Marnett et 

al. (2013) 

Stevioside 4763 
Leffingwell and Leffingwell (2014); Marnett et 

al. (2013) 

Steviol glycoside extract, Stevia 

rebaudiana, Rebaudioside A 60% 
4771 Marnett et al. (2013) 

Steviol glycoside extract, Stevia 

rebaudiana, Rebaudioside A 80% 
4772 Marnett et al. (2013) 

Steviol glycoside extract, Stevia 

rebaudiana, Rebaudioside C 30% 
4796 Cohen et al. (2015) 

Steviol glycoside extract, Stevia 

rebaudiana, Rebaudioside A 22% 
4805 Cohen et al. (2015) 

Steviol glycoside extract, Stevia 

rebaudiana Rebaudioside C 22% 
4806 Cohen et al. (2015) 

b. Canadian Regulatory History 

On September 18, 2009, based on a review of the international regulation of Stevia rebaudiana 

and the clinical evidence for safety and efficacy, the Natural Health Products Directorate, Health 
Canada (2009) adopted the following guidelines for the use of stevia and steviol glycosides in 
Natural Health Products (NHPs) (Health Canada, 2009). The revised recommendation for the 
maximum limit for steviol glycosides in NHPs is in accordance with the full acceptable daily intake 
(ADI) of 4 mg steviol per kg bw established by JECFA (WHO, 2008). 

On November 30, 2012, Health Canada published its final clearance for use of steviol glycosides 
as a sweetener in foods (Health Canada, 2012). In March 2014, Health Canada updated the List of 
Permitted Sweeteners (Lists of Permitted Food Additives) to include steviol glycosides in 
applications as a table-top sweetener and as an ingredient in a variety of foods, beverages, baked 
goods, meal replacement bars, condiments, and confectionary and gums (Health Canada, 2014). 
On January 15, 2016, Health Canada approved the use of Reb M for use as a high-intensity 
sweetener under the same conditions as the previously approved steviol glycosides (Health 
Canada, 2016). 

Most recently, Health Canada’s Food Directorate has updated its List of Permitted Sweeteners to 
allow for the use of steviol glycosides as a sweetener in ‘unstandardized snack bars,’ including 
granola bars, cereal bars, fiber bars, and protein isolate-based bars (Health Canada, 2017b). 

GRAS ASSOCIATES, LLC Page 109 of 136 



 

  
  

  

 
     

    

      
         

  
   

   
  

  
 

 
    

   
     

 
 

  
   

      

     
     

  
 

 
    

   
     

   

  
 

  
 

GRAS Notice –Festeviol RM 95 
GLG Life Tech Corporation 2/19/19 

Health Canada (2017a) also modified the List of Permitted Sweeteners to include “all the steviol 
glycosides in the Stevia rebaudiana Bertoni plant (stevia plant).” 

c. European Regulatory History 

The Joint Expert Committee on Food Additives (JECFA) reviewed steviol glycosides at its 51st, 
63rd, 68th and 73rd meetings. In 2000, JECFA published the original review on steviol glycosides 
(WHO, 2000). JECFA established a temporary ADI of 0-2 mg per kg (on a steviol basis) at its 63rd 

meeting (WHO, 2006). Additionally, JECFA finalized food grade specifications (FAO, 2007), 
although they were subsequently updated in 2008 (FAO, 2008) and 2010 (FAO, 2010) (see 
below). At the 69th meeting, the temporary status of the ADI was removed, and the ADI was raised 
to 0-4 mg per kg bw per day (on a steviol basis) as a result of the JECFA review of more recently 
completed clinical studies with steviol glycosides (WHO, 2008). In 2009, JECFA published a final 
monograph addendum on steviol glycosides (WHO, 2009). 

In early 2009, a number of parties, including the government of Australia and the Calorie Control 
Council, submitted a request to the Codex Committee on Food Additives in which it was proposed 
that the JECFA specifications for steviol glycosides should be modified to allow inclusion of 
rebaudioside D and rebaudioside F as specifically named acceptable glycosides that would be 
considered as part of the minimum 95% steviol glycosides composition (CCFA, 2009). This 
proposed modification was endorsed by the Codex Alimentarius Committee in July 2009; it was on 
the agenda for discussion at the JECFA Meeting in June, 2010 (FAO/WHO, 2009), and JECFA 
subsequently took final action in approving the modified steviol glycosides specifications to include 
rebaudioside D and rebaudioside F (FAO, 2010).  

In 2008, Switzerland’s Federal Office for Public Health approved the use of stevia as a sweetener 
citing the favorable actions of JECFA (Health, 2008). Subsequently, France published its approval 
for the food uses of rebaudioside A with a purity of 97% (AFSSA, 2009). 

In light of JECFA’s 2008 findings, and in response to a June 2008 request by the European 
Commission for European Food Safety Authority (EFSA) to deliver a scientific opinion on the safety 
of steviol glycosides as a sweetener for use in the food categories specified in the dossiers from 
three petitioners, EFSA reexamined the safety of steviol glycosides (EFSA, 2010). After 
considering all the data on stability, degradation products, metabolism and toxicology, the EFSA 
Panel established an ADI for steviol glycosides, expressed as steviol equivalents, of 4 mg per bw 
per day, which is similar to JECFA’s determination.12 In addition, on May 25, 2011, EFSA 
published a determination that the daily dietary intake for use of rebaudioside A as a flavoring 
substance in a variety of foods would be less than the ADI for steviol glycosides (EFSA, 2011a). In 

12 From a historical perspective, it is noted that the UK’s Advisory Committee on Novel Foods and Processes for the Ministry of Agriculture, 
Fisheries and Food on September 24, 1998 rejected an application for use of steviol glycosides as a sweetener in herbal teas because “the 
applicant had not provided all of the information necessary to enable an assessment to be made” (MAFF, 1998). In 1999, the Scientific 
Committee on Food for the European Commission concluded that “there are no satisfactory data to support the safe use of these stevia plants 
and leaves” (EuropeanCommission, 1999a). In another opinion also dated June 17, 1999, the Committee also reiterated “its earlier opinion 
that stevioside is not acceptable as a sweetener on the presently available data” (EuropeanCommission, 1999b). 
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2014, EFSA evaluated extending the use of steviol glycosides as ingredients in food categories to 
include coffee, tea, and herbal and fruit infusions (assessed at 10 mg per L steviol glycosides). 
Exposure estimates were lower than those determined by the Panel in 2011 due to available data, 
and remained below the ADI of 4 mg per kg bw per day, with the exception of toddlers from one 
country at the 95th percentile exposure level of 4.3 mg per kg bw per day (EFSA, 2014). More 
recently, exposure estimates, based on maximum permitted levels (MPLs) and proposed use 
levels increased to 29 mg per L steviol glycosides, were found to have a “negligible” impact on 
dietary intake for all population groups, with the mean exposure estimate below the ADI of 4 mg 
per kg bw per day, with the exception of toddlers from one country at the 95th percentile exposure 
level of 4.3 mg per kg bw per day. The EFSA panel concluded that “dietary exposure to steviol 
glycosides (E 960) is similar to the exposure estimated in 2014 and therefore does not change the 
outcome of the safety assessment” (EFSA, 2015). 

The appropriate European regulatory bodies, including JECFA and the EFSA, have now agreed 
that steviol glycosides are safe for all populations to consume and are a suitable sweetening option 
for diabetics. Effective December 2, 2011, the European Union (EU) approved their use as food 
additives (EU, 2011). In March 2016, the EU approved the use of steviol glycosides in mustard 
(Michail, 2016). 

Most recently, an amendment to the EU food additives regulation 231/2012, which became active 
on November 3, 2016, removed the previous requirement for stevia blends to contain at least 75% 
Reb A or stevioside. In addition, the updated regulation ---(EU) 2016/1814---now permits the 
following steviol glycosides in stevia blends: stevioside, rebaudiosides A, B, C, D, E, F and M, 
steviolbioside, rubusoside, and dulcoside (Searby, 2016). 

The EFSA Panel of Food Additives and Nutrient Sources reviewed an application for glucosylated 
steviol glycoside preparations for use as a new food additive. The Panel concluded that the data 
supplied by the applicant were “insufficient to assess the safety” of the glucosylated steviol 
glycosides preparation. It should be noted that no safety concerns were raised by the EFSA Panel, 
and that their decision was based on the “limited” data provided in the dossier submitted by the 
applicant (EFSA, 2018). 

d. Asian Regulatory History 

As of May 2010, the government of Hong Kong amended its food regulations to allow the use of 
steviol glycosides as a permitted sweetener in foods (Safety, 2010). This action followed in the 
aftermath of the detailed safety evaluation and favorable findings as reported by JECFA. 

The international community continued to exhibit much interest in the food uses of steviol 
glycosides, with additional advances reported in early July 2011. The Codex Alimentarius 
Commission has adopted proposed maximum use levels for steviol glycosides in all major food 
and beverage categories, and this action was expected to favorably influence authorizations of 
stevia uses in India, Indonesia, Thailand, and the Philippines (FoodNavigator, 2011). An article 
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published online by FoodNavigator (2013) states the following: “with approvals now in Vietnam, the 
Philippines, Malaysia, Singapore and Thailand, Indonesia is the only [Southeast Asian nation] 
where stevia hasn’t been given the rubber stamp” (Whitehead, 2013). Furthermore, the 
International Alliance of Dietary/Food Supplement Associations (IADSA) reported that the Codex 
Alimentarius Commission agreed to adopt the use of steviol glycosides for addition to chewable 
food supplements as had been requested by IADSA (NewHope360, 2011). 

The Food Safety and Standards Authority of India (FSSAI) convened on September 20, 2012, at 
which time they approved the use of steviol glycosides as a non-nutritive sweetener in a variety of 
foods. The FSSAI specified that: the steviol glycosides must meet the specifications and purity as 
established by JECFA; table top sweetener tablets may contain 7 mg of steviol equivalents per 100 
mg carrier/filler, as well as established maximum use levels specific to 11 distinct food categories 
including dairy, beverage, and chewing gum applications (FSSAI, 2012). 

Since December 10, 2012, over thirty registrations have been granted by FDA Philippines to stand-
alone steviol glycosides sweeteners or foods containing steviol glycosides as ingredients, 
including: FR-104390, Steviten Light Brand Steviol Glycosides 95% Sweetener Powder; FR-
109427, Del Monte Pineapple Chunks in Extra Light Syrup Reduced Calorie with Steviol 
Glycosides from Stevia; FR-101120, Diebetamil Zero Calorie Sweetener with Stevia (stick pack); 
and FR-102127, Sawayaka Stevia Sweetener (1 g sticks) (Philippines, 2014). 

Steviol glycosides are also listed under INS number 960 in the Food Additives Permitted Under the 
Singapore Food Regulations document prepared by the Agri-Food & Veterinary Authority (AVA) of 
Singapore (AVA, 2014). 

e. Other Regulatory History 

In 2008, the Food Standards Australia New Zealand (FSANZ) completed its evaluation of an 
application for use of steviol glycosides in foods. FSANZ recommended that the Australia and New 
Zealand Food Regulation Ministerial Council (Ministerial Council) amend the Australia New 
Zealand Food Standards Code to allow the use of steviol glycosides in food (FSANZ, 2008). In 
December 2010, FSANZ recommended accepting the increased usage levels as requested since 
no public health and safety issues were identified (FSANZ, 2010). Subsequently, FSANZ approved 
an increase in the maximum permitted level (MPL) of steviol glycosides (expressed as steviol 
equivalents) in ice cream, water based beverages, brewed soft drinks, formulated beverages, and 
flavored soy beverages up to 200 mg per kg, and in plain soy beverages up to 100 mg per kg 
(FSANZ, 2011). In a recent risk assessment, FSANZ concluded that the use of Reb M does not 
pose any “public health and safety issues” (FSANZ, 2015b). In addition, FSANZ proposed to add 
Reb M to the list of permitted steviol glycosides (FSANZ, 2015a). On January 14, 2016, Reb M 
was approved for use “as a food additive in accordance with the current permissions for steviol 
glycosides” (FSANZ, 2016a). 
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FSANZ called for submissions on permitting all minor steviol glycosides extracted from stevia leaf 
to be included in the definition of steviol glycosides in the Food Standards Code, noting that “[no] 
evidence was found to suggest that the proposed changes pose any public health and safety 
concerns.” The submission period ended on December 19, 2016 (FSANZ, 2016b). Subsequently, 
on February 8, 2017, FSANZ approved a draft variation of the definition of steviol glycosides to 
include all steviol glycosides present in the Stevia rebaudiana leaf (FSANZ, 2017). 

Most recently, FSANZ called for comments on the production of Reb M using enzymes derived 
from genetically modified yeast (Pichia pastoris). The comment period closed on August 31, 2018 
(FSANZ, 2018b). Subsequently, on October 31, 2018, FSANZ approved a draft variation to include 
a reference to the production method (FSANZ, 2018a). 

On September 10, 2012, the South African Department of Health issued an amendment to labeling 
regulations indicating: “in the case of the sweetener steviol glycosides, it shall be described as 
‘Steviol Glycosides’ or ‘Steviol Extract.’” On the same date, steviol glycosides were added to the 
List of Permissible Sweeteners. 
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Appendix 11  Summary of Published Safety  Reviews  

1. Summary of JECFA Reviews 

At an early review during its 51st meeting, JECFA (WHO, 2000) expressed the following 
reservations about the safety data available at that time for steviol glycosides: 

The Committee noted several shortcomings in the information available on stevioside. In some 
studies, the material tested (stevioside or steviol) was poorly specified or of variable quality, and no 
information was available on other constituents or contaminants. Furthermore, no studies of human 
metabolism of stevioside and steviol were available. In addition, data on long-term toxicity and 
carcinogenicity were available for stevioside in only one species. The mutagenic potential of steviol 
has been tested sufficiently only in vitro. 

In view of the absence of information for the elaboration of specifications for stevioside and since the 
evaluation of the available toxicological data revealed several limitations, the Committee was unable 
to relate the results of the toxicological investigations to the commercial product and could not 
allocate an ADI to stevioside. 

Before reviewing stevioside again, the Committee considered that it would be necessary to develop 
specifications to ensure that the material tested was representative of the commercial product. 
Further information on the nature of the substance that was tested, data on the metabolism of 
stevioside in humans and the results of suitable in vivo genotoxicity studies with steviol would also 
be necessary. 

Subsequently, additional data were generated on the metabolism of steviol glycosides and 
submitted to JECFA. This information suggested that the common steviol glycosides are converted 
to steviol by intestinal bacteria and then rapidly converted to glucuronides that are excreted. The 
committee now had a molecular basis to become comfortable with new toxicology studies on test 
materials that consisted of variable composition but were relatively high purity mixtures of the 
common steviol glycosides. The new information also revealed that in in vitro studies, steviol is 
mutagenic, while in in vivo conditions, it is not mutagenic. The committee became convinced that 
purified steviol glycosides did not impair reproductive performance, as did crude preparations of 
stevia, and that there were sufficient chronic studies in rats with adequate no observed effect 
levels (NOEL) that could support a reasonable ADI in the range of doses that would be 
encountered by the use of steviol glycosides as a sugar substitute. However, JECFA wanted more 
clinical data to rule out pharmacological effects at the expected doses. The following excerpt was 
taken from the report of the 63rd meeting (WHO, 2006): 

The Committee noted that most of the data requested at its fifty-first meeting, e.g., data on the 
metabolism of stevioside in humans, and on the activity of steviol in suitable studies of genotoxicity 
in vivo, had been made available. The Committee concluded that stevioside and rebaudioside A are 
not genotoxic in vitro or in vivo and that the genotoxicity of steviol and some of its oxidative 
derivatives in vitro is not expressed in vivo. 
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The NOEL for stevioside was 970 mg per kg bw per day in a long-term study (Toyoda et al., 1997) 
evaluated by the Committee at its fifty-first meeting. The Committee noted that stevioside has shown 
some evidence of pharmacological effects in patients with hypertension or with type-2 diabetes at 
doses corresponding to about 12.5–25 mg per kg bw per day (equivalent to 5–10 mg per kg bw per 
day expressed as steviol). The evidence available at present was inadequate to assess whether 
these pharmacological effects would also occur at lower levels of dietary exposure, which could lead 
to adverse effects in some individuals (e.g., those with hypotension or diabetes). 

The Committee therefore decided to allocate a temporary ADI, pending submission of further data 
on the pharmacological effects of steviol glycosides in humans. A temporary ADI of 0–2 mg per kg 
bw was established for steviol glycosides, expressed as steviol, on the basis of the NOEL for 
stevioside of 970 mg per kg bw per day (or 383 mg per kg bw per day, expressed as steviol) in the 
2-year study in rats and a safety factor of 200. This safety factor incorporates a factor of 100 for 
inter- and intra-species differences and an additional factor of 2 because of the need for further 
information. The Committee noted that this temporary ADI only applies to products complying with 
the specifications. 

The Committee required additional information, to be provided by 2007, on the pharmacological 
effects of steviol glycosides in humans. These studies should involve repeated exposure to dietary 
and therapeutic doses, in normotensive and hypotensive individuals and in insulin-dependent and 
insulin-independent diabetics. 

In 2007, at its 68th meeting, JECFA (WHO, 2007) concluded that sufficient progress had been 
made on the clinical studies and extended the temporary ADI until 2008. Subsequently, sufficient 
data had been received by JECFA to revise and finalize food additive specifications for steviol 
glycosides. The Chemical and Technical Assessment report, written after the 2007 meeting, 
explained the Committee’s thinking, which resulted in flexibility in the identity specifications (FAO, 
2007). 

In response to the call for data on “stevioside” for the 63rd meeting of the Committee, submissions 
from several countries showed that the main components of the commercially available extracts of 
stevia are stevioside and rebaudioside A, in various amounts ranging from about 10-70% stevioside 
and 20-70% rebaudioside A. The information indicated that most commercial products contained 
more than 90% steviol glycosides with the two main steviol glycosides comprising about 80% of the 
material. The 63rd JECFA required that the summed content of stevioside and rebaudioside A was 
not less than 70% and established a minimum purity of 95% total steviol glycosides. Analytical data 
showed that most of the remaining 5% could be accounted for by saccharides other than those 
associated with the individual steviol glycosides. 

Noting that the additive could be produced with high purity (at least 95%) and that all the steviol 
glycosides hydrolyze upon ingestion to steviol, on which the temporary ADI is based, the 68th JECFA 
decided it was unnecessary to maintain a limit for the sum of stevioside and rebaudioside content. 
The Committee recognized that the newly revised specifications would cover a range of 
compositions that could include, on the dried basis, product that was at least 95% stevioside or at 
least 95% rebaudioside A. 
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In 2008, based on additional clinical studies, at its 69th meeting, JECFA finalized the evaluation of 
steviol glycosides (WHO, 2008), raised the ADI to 0 – 4 mg per kg bw per day, and removed the 
“temporary” designation. The summary of the Committee’s key conclusions in the final toxicology 
monograph addendum (WHO, 2009) were stated as follows: 

From a long-term study with stevioside, which had already been discussed by the Committee at its 
fifty-first meeting, a NOEL of 970 mg per kg bw per day was identified. At its sixty-third meeting, the 
Committee set a temporary ADI of 0–2 mg per kg bw for steviol glycosides, expressed as steviol, on 
the basis of this NOEL for stevioside of 970 mg per kg bw per day (383 mg per kg bw per day 
expressed as steviol) and a safety factor of 200, pending further information. The further information 
was required because the Committee had noted that stevioside had shown some evidence of 
pharmacological effects in patients with hypertension or with type 2 diabetes at doses corresponding 
to about 12.5–25.0 mg per kg bw per day (5–10 mg per kg bw per day expressed as steviol). 

The results of the new studies presented to the Committee at its present meeting have shown no 
adverse effects of steviol glycosides when taken at doses of about 4 mg per kg bw per day, 
expressed as steviol, for up to 16 weeks by individuals with type 2 diabetes mellitus and individuals 
with normal or low-normal blood pressure for 4 weeks. The Committee concluded that the new data 
were sufficient to allow the additional safety factor of 2 and the temporary designation to be removed 
and established an ADI for steviol glycosides of 0–4 mg per kg bw expressed as steviol. 

The Committee noted that some estimates of high-percentile dietary exposure to steviol glycosides 
exceeded the ADI, particularly when assuming complete replacement of caloric sweeteners with 
steviol glycosides but recognized that these estimates were highly conservative and that actual 
intakes were likely to be within the ADI range. 

2. Summary of FSANZ Review of Steviol Glycosides 

In 2008, FSANZ completed a review of the safety of steviol glycosides for use as a sweetener in 
foods. FSANZ concluded that steviol glycosides are well tolerated and unlikely to have adverse 
effects on blood pressure, blood glucose, or other parameters in normal, hypotensive, or diabetic 
subjects at doses up to 11 mg per kg bw per day. FSANZ agreed with JECFA in setting an ADI of 4 
mg steviol equivalents per kg bw per day, which was derived by applying a 100-fold safety factor to 
the NOEL of 970 mg per kg bw per day established by a 2-year rat study (Toyoda et al., 1997). 
The FSANZ review discussed the adequacy of the existing database and several new studies, 
including the clinical studies reviewed by JECFA in the summer of 2007, most notably the work of 
Barriocanal et al. (2008), which was later published in 2008. 

In their draft document, FSANZ also indicated that the new data in humans provides a basis for 
revising the uncertainty factors that were used by JECFA to derive the temporary ADI for steviol 
glycosides in 2005. In particular, the evidence surrounding the pharmacological effects of steviol 
glycosides on blood pressure and blood glucose has been strengthened so that the additional 2-
fold safety factor for uncertainty related to effects in normotensive or diabetic individuals is no 
longer required. Therefore, FSANZ established an ADI of 4 mg per kg bw per day for steviol 
glycosides as steviol equivalents, derived by applying a 100-fold safety factor to the NOEL of 970 
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mg per kg bw per day (equivalent to 383 mg per kg bw per day steviol) in a 2-year rat study 
(FSANZ, 2008). In December 2010, FSANZ recommended accepting the increased usage levels 
since no public health and safety issues were identified (FSANZ, 2010). Subsequently, FSANZ 
approved an increase in the maximum permitted level (MPL) of steviol glycosides (expressed as 
steviol equivalents) in ice cream, water based beverages, brewed soft drinks, formulated 
beverages and flavored soy beverages up to 200 mg per kg and in plain soy beverages up to 100 
mg per kg (FSANZ, 2011). 

3. Summary of EFSA Review of Steviol Glycosides 

On March 10, 2010, EFSA adopted a scientific opinion on the safety of steviol glycosides (mixtures 
that comprise not less than 95% of stevioside and/or rebaudioside A) as a food additive. Earlier---
in 1984, 1989 and 1999---the Scientific Committee for Food (SCF) evaluated stevioside as a 
sweetener. At the time, the SCF concluded that the use of stevioside was “toxicologically not 
acceptable” due to insufficient available data to assess its safety. However, in light of JECFA’s 
2008 findings, and in response to a June 2008 request by the European Commission, EFSA 
reevaluated the safety of steviol glycosides as a sweetener. 

As both rebaudioside A and stevioside are metabolized and excreted by similar pathways, with 
steviol being the common metabolite for both glycosides, the EFSA Panel agreed that the results 
of toxicology studies on either stevioside or rebaudioside A are applicable for the safety 
assessment of steviol glycosides. Considering the available safety data (in vitro and in vivo animal 
studies and some human tolerance studies), the EFSA Panel concluded that steviol glycosides, 
complying with JECFA specifications, are not carcinogenic, genotoxic, or associated with any 
reproductive/developmental toxicity. The EFSA Panel established an ADI for steviol glycosides, 
expressed as steviol equivalents, of 4 mg per kg bw per day based on the application of a 100-fold 
uncertainty factor to the NOAEL in the 2-year carcinogenicity study in the rat when administering 
2.5% stevioside in the diet. This is equal to 967 mg stevioside per kg bw per day (corresponding to 
approximately 388 mg steviol equivalents per kg bw per day). Conservative estimates of steviol 
glycosides exposures both in adults and in children suggest that the ADI could possibly be 
exceeded by European consumers of certain ages and geographies at the maximum proposed use 
levels. 

Recently, EFSA (2011b) revised its exposure assessment of steviol glycosides from its uses as a 
food additive for children and adults, and published the reduced usage levels in 16 foods by a 
factor of 1.5 to 3, with no changes for 12 food groups. Additionally, 15 other foods were removed, 
mainly within the category of desserts and other products, while 3 new food uses were added. The 
mean estimated exposure to steviol glycosides (equivalents) in European children (aged 1-14 
years) ranged from 0.4 to 6.4 mg per kg bw per day and from 1.7 to 16.3 mg per kg bw per day at 
the 95th percentile. A correction was considered to be necessary for the consumption of non-
alcoholic flavored drinks (soft drinks) by children, and the corrected exposure estimate at the 95th 

percentile for children ranged from 1.0 to 12.7 mg per kg bw per day. For adults, the mean and 
97.5th percentile intakes were estimated to range from 1.9 to 2.3 and 5.6 to 6.8 mg per kg bw per 
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day, respectively. Non-alcoholic flavored drinks (soft drinks) are the main contributors to the total 
anticipated exposure to steviol glycosides for both consumer categories. For high consumers, 
EFSA noted that revised exposure estimates to steviol glycosides remain above the established 
ADI of 4 mg per kg bw (steviol equivalent).  

In addition, EFSA (2011a) recently accepted rebaudioside A as a flavoring agent in a variety of 
foods. EFSA reviewed the available safety data on rebaudioside A and agreed that the ADI of 4 
mg per kg bw per day established for steviol glycosides applied also to rebaudioside A in a purified 
form. The dietary intake for use as a flavoring agent was calculated by two different methods, and 
EFSA determined that the worst-case exposure would be 10,888 microgram per person per day, 
which is equivalent to 181 microgram rebaudioside A per kg bw per day, for a person weighing 60 
kg. This corresponds to a daily intake of 60 microgram steviol per kg bw per day, using a 
conversion factor of 0.33 for converting the amount of rebaudioside A into steviol equivalents. 

4. Other Published Reviews 

Stevia and steviol glycosides have been extensively investigated for their biological, toxicological, 
and clinical effects (Carakostas et al., 2008; Geuns et al., 2003a; Huxtable, 2002). Four additional 
reviews have appeared on the toxicology and biological activity of stevia extracts and steviol 
glycosides (Yadav and Guleria, 2012; Brown and Rother, 2012; Brahmachari et al., 2011; 
Chatsudthipong and Muanprasat, 2009). In reviewing these studies, caution is warranted since 
these reviews do not differentiate well between studies on crude stevia extract and purified steviol 
glycosides. In addition, many of the reviewed studies on biological activity used routes of 
administration other than oral, and they may have used doses that are much higher than expected 
dietary exposures of steviol glycosides as a sweetener. In a letter to the editor of the Journal of 
Pharmacology and Therapeutics, Roberts and Munro (2009) criticized the Chatsudthipong and 
Muanprasat (2009) review with some important points that are applicable in general to these four 
reviews. Important excerpts from this letter are as follows: 

“It is well established that some stevia extracts are crude mixtures that contain multiple components 
of the stevia leaf, including those components that do not provide a sweet taste. These mixtures also 
vary considerably in quality, purity, and composition. Therefore, it is not surprising that sometimes 
these crude and uncharacterized materials may contain substances that possess some degree of 
pharmacologic activity, but any such effects cannot be attributed specifically to the steviol 
glycosides. In contrast to studies conducted with less pure steviol glycoside preparations, studies 
conducted with purified preparations do not indicate any evidence of pharmacological effects.” 

“The authors consistently cite pharmacological, toxicological, and biochemical effects from in vitro 
studies or from studies in which animals were dosed intravenously (e.g., Melis, 1992 a,b,c). Steviol 
glycosides are hydrolyzed completely by the gut microflora to steviol prior to absorption, with no 
systemic absorption of the glycone form following oral exposure. Therefore, the results of in vitro and 
intravenous, intraperitoneal, or subcutaneous dosing studies of the glycone form are not relevant to 
the safety of steviol glycosides consumed orally.” 
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“Collectively, the report of Chatsudthipong and Muanprasat (2009) is incomplete and lacking 
discussion of key studies of the safety of stevioside and rebaudioside A. It focuses on alleged effects 
of stevia and steviol glycosides of low or unknown purity, fails to consider the route of exposure in 
relation to metabolism and safety assessment and does not include recent opinions expressed by 
worldwide regulatory authorities affirming the safety of purified forms of stevioside and rebaudioside 
A as a food ingredient.” 

Most recently, Urban et al. (2015) reviewed the potential allergenicity of steviol glycosides. The 
authors noted that: “hypersensitivity reactions to stevia in any form are rare” and concluded that 
current data do not support claims that steviol glycosides are allergenic. In addition, the authors 
stated that there is “little substantiated scientific evidence” to warrant consumer warning labels for 
highly purified stevia extracts (Urban et al., 2015). 
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Appendix 12  Summary of Studies on Steviol Glycosides 
Preparations That Are Primarily  Rebaudioside A  

Safety Data on Rebaudioside A13 

Since 2008, several well-designed toxicology studies that followed the current regulatory and 
scientific guidelines for such studies have been reported on purified rebaudioside A, although it is 
uncertain whether or not these studies were considered by JECFA during its 2008 deliberations. 
These recent investigations included additional subchronic studies in rats and one in dogs, 
mutagenicity studies, reproduction and developmental studies in rats, and comparative 
pharmacokinetic studies with stevioside in rats and humans, as well as additional clinical studies. 
These studies confirm that rebaudioside A is metabolized similarly to other steviol glycosides, and 
they exhibited an absence of toxicological effects in the key studies reviewed by JECFA. It should 
be noted that rebaudioside A, as the steviol glycoside with high sweetness intensity and relatively 
high prevalence in the stevia leaves, remains an active topic of scientific research. For example, a 
study found in a recent literature search examined the anti-hyperglycemic activity of rebaudioside 
A in diabetic rats (Saravanan and Ramachandran, 2012). These investigators found that the 
effects of streptozotocin-induced diabetes on glucose and insulin levels were at least partially 
reversed in a dose-dependent manner with oral administration of rebaudioside A at doses in the 
range of 50-200 mg per kg bw. The doses used are 10-40 times higher than expected from the use 
of rebaudioside A as a sweetener. The known anti-hyperglycemic activity of steviol glycosides led 
JECFA to require clinical studies at reasonably high doses to show that—at levels used in food— 
there would be no effect on glucose homeostasis or blood pressure in human consumers. The 
clinical studies described below on rebaudioside A (Maki et al., 2008a; Maki et al., 2008b) the lack 
of these pharmacological effects of rebaudioside A at expected levels of consumption. 

1. Absorption, Distribution, Metabolism & Excretion (ADME) Studies 

Studies investigating the ADME of extracts from stevia are available on stevioside, Reb A, and 
other steviol glycosides. Data evaluating the absorption and fate of these extracts from various 
animal species and humans indicate that one can extrapolate these results from rats to humans. 
Stevioside is metabolized to steviol via intestinal microflora, and the absorption of stevioside after 
oral administration has been shown to be very low (Koyama et al., 2003b; Geuns et al., 2003b; 
Geuns et al., 2003a). 

Studies investigating the hydrolysis of steviol glycosides by intestinal microflora have demonstrated 
that both stevioside and Reb A are hydrolyzed to steviol following in vitro incubation with various 
cecal microflora (Wingard Jr et al., 1980; Hutapea et al., 1997; Gardana et al., 2003; Geuns et al., 

13 Questions about the safety of rebaudioside A were previously raised by Huxtable (2002), and Kobylewski and Eckhert (2008). Their 
respective concerns, as well as opposing views supporting the safety of designated food uses of rebaudioside A expressed by Expert Panels, 
have been outlined in other GRAS notifications that were submitted to FDA. A more detailed account can be found in GRAS notifications 278, 
287, 303, and 304. 
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2003a). In addition, the in vitro hydrolysis of Reb A to steviol was found to be slower than that of 
stevioside (Koyama et al., 2003b), which is thought to be partly due to the presence of one 
additional glucose moiety and to differences in structural complexities. Koyama et al. (2003b) 
suggest that the major pathway for Reb A is conversion to stevioside with a minor pathway of 
conversion to Reb B prior to being ultimately converted to steviol. Stevioside is further converted to 
steviolbioside, steviolmonosides, and finally steviol, with glucose being released with each 
subsequent hydrolysis.  

In three recently completed studies, absorption and fate of rebaudioside A were systematically 
investigated in rats and humans. 

For comparative purposes to determine whether toxicological studies conducted previously with 
stevioside would be applicable to the structurally-related glycoside, rebaudioside A, toxicokinetics 
and metabolism of rebaudioside A, stevioside, and steviol were examined in rats (Roberts and 
Renwick, 2008). Orally administered single doses of the radiolabeled compounds were extensively 
and rapidly absorbed with plasma concentration-time profiles following similar patterns for 
stevioside and rebaudioside A. 

Roberts and Renwick (2008) identified free steviol (82 to 86%), steviol, glucuronide (10 to 12%), 
and two unidentified metabolites (5-6%) in rat plasma following treatment with either stevioside or 
Reb A eight hours post-oral administration. A comparable pharmacokinetic profile was noted 
following oral treatment of rats with radiolabeled Reb A or stevioside, with the time of maximum 
plasma concentration (Tmax) for radioactivity ranging between 2 and 8 hours. In comparison, steviol 
Tmax for plasma was noted within 30 minutes of oral administration. All plasma samples had similar 
metabolite profiles; the predominant radioactive component in all samples was steviol, with lower 
amounts of steviol glucuronide(s) and low levels of one or two unidentified metabolites. It is 
believed that this delay between the occurrence of radioactivity in the plasma and time of 
administration of steviol glycosides is due to the fact that the Reb A and stevioside are first cleaved 
to steviol before absorption. 

Within 72 hours of administration, elimination of radioactivity from plasma was essentially 
complete. Following elimination in the bile, steviol is available to be released again from its 
conjugated form by microflora activity and may enter enterohepatic circulation. Consequently, free 
and conjugated steviol are secreted in the feces along with any unhydrolyzed fraction of the 
administered glycosides. Following Reb A treatment, significant amounts of unchanged 
rebaudioside A (29% in males and 19% in females) and stevioside (3% in males and 4% in 
females) were excreted in the feces. Following oral stevioside administration, unchanged 
stevioside was excreted in rat feces. Other unidentified metabolites are also present in fecal 
samples of rats treated with either glycoside. Rebaudioside A, stevioside, and steviol were 
metabolized and excreted rapidly, with ~60% of the radioactivity eliminated in the feces within 48 
hours. Urinary excretion accounted for less than 2% of the administered dose for all compounds in 
both intact and bile duct-cannulated rats, and the majority of the absorbed dose was excreted via 

the bile. After administration of the compounds to intact and bile duct-cannulated rats, radioactivity 
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in the feces was present primarily as steviol. The predominant radioactive compound detected in 
the bile of all cannulated rats was steviol glucuronide (Roberts and Renwick, 2008). 

In summary, Roberts and Renwick (2008) found that steviol was the predominant component 
found in plasma samples after oral administration of Reb A, stevioside, and steviol in rats. Lower 
amounts of steviol glucuronide(s) and one or two unidentified metabolites were also found. The 
majority of all samples were found to be excreted rapidly---primarily in the feces---within 48 hours. 
This is in agreement with the previous in vitro hydrolysis data that indicated that both Reb A and 
stevioside are metabolized to steviol by intestinal microflora. The predominant compound detected 
in the bile was steviol glucuronide, while the prominent material in the intestine was steviol, which 
the authors suggest indicates that deconjugation occurs in the lower intestine. The authors 
concluded that the overall data on toxicokinetics and metabolism indicate that rebaudioside A and 
stevioside are handled in an almost identical manner in the rat after oral dosing. 

In a randomized, double blind, cross-over study in healthy male subjects, Wheeler et al. (2008) 
assessed the comparative pharmacokinetics of steviol and steviol glucuronide following single oral 
doses of rebaudioside A and stevioside. Following administration of rebaudioside A or stevioside, 
steviol glucuronide appeared in the plasma of all subjects, with median Tmax values of 12.0- and 
8.00-hours post-dose, respectively. Steviol glucuronide was eliminated from the plasma, with 
similar T1/2 values of approximately 14 hours for each compound. Administration of rebaudioside A 
resulted in a significantly (~22%) lower steviol glucuronide geometric mean Cmax value (1,472 ng 
per mL) than administration of stevioside (1,886 ng per mL). The geometric mean AUC0-t value for 
steviol glucuronide after administration of rebaudioside A (30,788 ng*hr per mL) was approximately 
10% lower than after administration of stevioside (34,090 ng*hr per mL). Steviol glucuronide was 
excreted primarily in the urine of the subjects during the 72-hour collection period, accounting for 
59% and 62% of the rebaudioside A and stevioside doses, respectively. No steviol glucuronide 
was detected in feces. Pharmacokinetic analysis indicated that both rebaudioside A and stevioside 
were hydrolyzed to steviol in the gastrointestinal tract prior to absorption. The majority of circulatory 
steviol was in the form of steviol glucuronide, indicating rapid first-pass conjugation prior to urinary 
excretion. Only a small amount of steviol was detected in urine (rebaudioside A: 0.04%; stevioside: 
0.02%). The investigators concluded that rebaudioside A and stevioside underwent similar 
metabolic and elimination pathways in humans, with steviol glucuronide excreted primarily in the 
urine and steviol in the feces. No safety concerns were noted as determined by reporting of 
adverse events, laboratory assessments of safety, or vital signs (Wheeler et al., 2008). 

Another pharmacokinetic investigation was done as a toxicokinetic (TK) phase of a dietary study to 
determine the potential of rebaudioside A toxicity in rats at levels up to 2,000 mg per kg bw per day 
(Sloter, 2008a). Extremely low levels of rebaudioside A and total steviol were detected in 
peripheral blood of rats during daily administration of 2,000 mg per kg bw per day of rebaudioside 

A, with mean plasma concentrations of approximately 0.6 and 12 g per mL, respectively. 
Estimates of absorbed dose for rebaudioside A and total steviol were approximately 0.02% and 
0.06%, respectively, based on the amounts measured in urine collected over 24 hours in 
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comparison to daily administered dietary dose to rats. Mean fecal rebaudioside A and measured 
hydrolysis products, expressed as Total Rebaudioside A Equivalents, compared to daily 
administered dose results in an estimated dose recovery of approximately 84%. 

2. Subchronic Toxicity Studies 

Curry and Roberts (2008) reported the results of two repeat dose studies of rebaudioside A in 
Wistar rats. The results of these investigations suggest that administration of rebaudioside A to 
Han Wistar rats at dietary concentrations of up to 100,000 ppm (9,938 and 11,728 mg per kg bw 
per day for males and females, respectively) for 4 weeks, or 50,000 ppm (4,161 and 4,645 mg per 
kg bw per day for males and females, respectively) for 13 weeks, did not present any evidence of 
systemic toxicity. In the 4-week study, rebaudioside A (97% purity) was administered at dietary 
concentrations of 0, 25,000, 50,000, 75,000, and 100,000 ppm to male and female rats. The 
NOAEL, including an evaluation of testes histopathology, was determined to be 100,000 ppm. In 
the 13-week study, Wistar rats were fed diets containing rebaudioside A at dietary concentrations 
of 0, 12,500, 25,000, and 50,000 ppm. In high-dose male and female groups, reductions in body 
weight gain attributable to initial taste aversion and lower caloric density of the feed were 
observed. Inconsistent reductions in serum bile acids and cholesterol were attributed to 
physiological changes in bile acid metabolism due to excretion of high levels of rebaudioside A via 

the liver. All other hepatic function test results and liver histopathology were within normal limits. 
No significant changes in other clinical pathology results, organ weights, and functional 
observational battery test results were noted. Macroscopic and microscopic examinations of all 
organs were unremarkable with respect to treatment-related findings. The NOAEL in the 13-week 
toxicity study was considered to be 50,000 ppm, or approximately 4,161 and 4,645 mg per kg bw 
per day in male and female rats, respectively (Curry and Roberts, 2008). 

In another 90-day dietary admix toxicity study, effects of rebaudioside A (99.5% purity) at target 
exposure levels of 500, 1,000, and 2,000 mg per kg bw per day were tested in Crl:CD(SD) rats 
(Nikiforov and Eapen, 2008; Eapen, 2007). Each group consisted of 20 animals per sex. No 
treatment related effects on clinical observations, food consumption, and functional observational 
or locomotor activity parameters were noted. There were no treatment-related macroscopic, organ 
weight or microscopic findings. Significantly lower body weight gains were noted in the 2,000 mg 
per kg bw per day group in males but not females. At the end of the dosing period, the body weight 
in males was 9.1% lower than the control group. Due to the small magnitude of difference from the 
control group value, the investigators did not consider this result to be adverse. The decrease was 
most likely due to the large proportion of the diet represented by the test material. The NOAEL was 
determined as ≥ 2,000 mg per kg bw per day. 

A 6-month dietary toxicity study in Beagle dogs (4 per sex per group) was conducted to investigate 
the potential adverse effects of rebaudioside A (97.5% purity) at dosage levels of 0, 500, 1,000, or 
2,000 mg per kg bw per day (Eapen, 2008). There were no unscheduled deaths during the course 
of the study. No treatment-related clinical observations were noted. Administration of rebaudioside 
A did not affect home cage, open field observations and functional observations and 
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measurements. No differences in hematology findings, serum chemistry findings, or urinalysis 
findings between the groups were noted. Additionally, no treatment related gross necropsy 
observations, alterations in final body weight, alterations in organ weights, or histological changes 
were noted. The investigators concluded that no systemic toxicity of rebaudioside A was observed 
at dosage levels up to 2,000 mg per kg bw per day and the assigned NOAEL was ≥ 2,000 mg per 
kg bw per day. 

In addition, a 90-day subchronic toxicity study was conducted in Sprague-Dawley rats using 
fermentation-derived Rebaudioside A, where no systemic or local toxicity was observed in rats 
dosed at 500 to 2,000 mg per kg bw per day. All test animals survived to scheduled necropsy 
(Rumelhard et al., 2016). 

3. Mutagenicity Studies 

In a set of in vitro and in vivo genotoxicity assays covering mutation, chromosome damage, and 
deoxyribonucleic acid (DNA) strand breakage, rebaudioside A consistently and uniformly revealed 
negative results (Pezzuto et al., 1985; Nakajima, 2000a; Nakajima, 2000b; Sekihashi et al., 2002). 
These studies were critically reviewed by Brusick (2008). JECFA also reviewed an unpublished 
chromosome aberration assay of rebaudioside A in cultured mammalian cells (Nakajima, 2000a) 
and did not find increases in chromosome aberrations. 

Additionally, FDA also reviewed three unpublished studies on rebaudioside A, including a bacterial 
mutagenicity study (Wagner and Van Dyke, 2006), a mouse lymphoma study (Clarke, 2006), and a 
mouse micronucleus study (Krsmanovic and Huston, 2006), submitted by Merisant as part of the 
GRAS Notification. All three studies demonstrated lack of mutagenic or genotoxic activity. 
Furthermore, Williams and Burdock (2009) also reported lack of genotoxicity in another set of 
published studies that included in vitro mutagenicity assays with Salmonella, E. coli, and mouse 
lymphoma cells. These investigators also reported lack of in vitro clastogenic effects in Chinese 
hamster V79 cells, and the absence of in vivo effects in a mouse micronucleus assay and a rat 
study for unscheduled DNA synthesis. 

The recent evaluation of fermentation-derived rebaudioside A demonstrated a similar safety profile 
to plant-derived rebaudioside A. Rumelhard et al. (2016) reported that fermentation-derived 
rebaudioside A was not mutagenic in the bacterial reverse mutation assay, nor was it found to be 
clastogenic or aneugenic in the in vitro micronucleus assay. The similarity of the safety profile 
observed between plant-derived and fermentation-derived rebaudioside A further supports the 
applicability of the safety assessments to other steviol glycoside preparations. 

The key mutagenicity testing results for rebaudioside A are summarized in Table 12-1. 
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Table 12-1.  Mutagenicity & Genotoxicity Studies on Rebaudioside A 

END-POINT TEST SYSTEM MATERIAL 
PURITY 

(%) 

CONCENTRATION 

/ DOSE 
RESULT REFERENCE 

Bacterial 

Mutagenicity 

5 Salmonella strains with & 

without exogenous metabolic 

activation system 

Reb A 99.5 

1.5, 5.0, 15, 50, 

150, 500, 1,500 

& 5,000 μg per 
plate 

No 

mutagenic 

response 

Wagner and Van Dyke 

(2006) 

Bacterial 

Mutagenicity 

4 Salmonella strains & 1 E. coli 

strain with & without exogenous 

metabolic activation system 

Reb A 95.6 
Up to 5,000 μg 

per plate 

No 

mutagenic 

response 

Williams and Burdock 

(2009) 

Bacterial 

Mutagenicity 

4 Salmonella strains & 1 E. coli 

strain with and without exogenous 

metabolic activation system 

Fermenta 

tion-

derived 

Reb A 

 95% 
Up to 5,000 g 

per plate 

No 

mutagenic 

response 

Rumelhard et al. (2016) 

Mouse 

Lymphoma 

L5178Y/TK+/- mouse lymphoma 

mutagenesis assay in the 

absence & presence of 

exogenous metabolic activation 

system 

Reb A 99.5 

Cloning conc. of 

500, 1,000, 

2,000, 3,000, 

4,000 & 

5,000 μg/mL 

No 

mutagenic or 

clastogenic 

response 

Clarke (2006) 

Mouse 

Lymphoma 

L5178Y/TK+/- mouse lymphoma 

mutagenesis assay in the 

absence & presence of 

exogenous metabolic activation 

system 

Reb A 95.6 
Up to 5,000 

μg/mL 

No 

mutagenic or 

clastogenic 

response 

Williams and Burdock 

(2009) 

Human 

Lymphocytes 

Human lymphocytes in absence & 

presence of exogenous activation 

system 

Fermenta 

tion-

derived 

Reb A 

 95% 
Up to 5,000 

μg/mL 

Not 

clastogenic 

or aneugenic 

Rumelhard et al. (2016) 

Chromosome 

Aberration 

Human lymphocytes in absence & 

presence of exogenous metabolic 

activation system 

Reb A 95.6 
Up to 5,000 

μg/mL 

No 

mutagenic or 

clastogenic 

response 

Williams and Burdock 

(2009) 

Mouse 

Micronucleus 

Micronucleus study in groups of 5 

male & 5 female ICR mice 
Reb A 99.5 

500, 1,000 & 

2,000 mg/kg bw 

No increase 

in 

micronuclei 

formation 

Krsmanovic and Huston 

(2006) 

Mouse 

Micronucleus 

Micronucleus study in groups of 5 

male & 5 female NMRI mice 
Reb A 95.6 

Up to 750 mg/kg 

bw 

No increase 

in 

micronuclei 

formation 

Williams and Burdock 

(2009) 

Unscheduled 

DNA 

Synthesis 

Unscheduled DNA synthesis in 

one group of 4 Wistar rats 
Reb A 95.6 

Up to 2,000 

mg/kg bw 

No increase 

in 

unscheduled 

DNA 

synthesis 

Williams and Burdock 

(2009) 

DNA damage 

(comet assay) 

Male BDF1 mouse stomach, 

colon, liver 

Stevia 

extract 

Stevioside, 

52%; Reb 

A, 22% 

250 – 2,000 

mg/kg bw 
Negativea Sekihashi et al. (2002) 
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PURITY CONCENTRATION 
END-POINT TEST SYSTEM MATERIAL RESULT REFERENCE 

(%) / DOSE 

Chromosomal 

aberration 

CHL/IU Chinese hamster lung 

fibroblasts 
Reb A NS 1.2 - 55 mg/mL Negativeb Nakajima (2000a) 

Micronucleus 
500-2,000 mg/kg 

formation 
BDF1 mouse bone marrow Reb A NS bw/ day for 2 Negativec Nakajima (2000b) 

days 

Forward 

mutation 
S. typhimurium TM677 Reb A NS 10 mg/plate Negativeb Pezzuto et al. (1985) 

NS = Not specified  
a Sacrificed at 3 hours and 24 hours 
b With or without metabolic activation (source not specified in original monograph) 
c Sacrificed at 30 hours after 2nd administration 

4. Reproductive & Developmental Toxicity Studies 

In a two-generation reproductive toxicity study, rebaudioside A (97% purity) at 0, 7,500, 12,500, 
and 25,000 ppm was administered in diet to male and female Han Wistar rats (Curry and Roberts, 
2008). Administration of rebaudioside A was not associated with any signs of clinical toxicity or 
adverse effects on body weight, body weight gain, or food consumption. Similarly, administration of 
rebaudioside A did not affect reproductive performance parameters including mating performance, 
fertility, gestation lengths, estrous cycles, or sperm motility, concentration, or morphology in either 
the F0 or F1 generations. The survival and general condition of the F1 and F2 offspring, their pre-
weaning reflex development, overall body weight gains, and the timing of sexual maturation, were 
not adversely affected by rebaudioside A treatment. The NOAEL for reproductive effects was 
25,000 ppm, and the NOAEL for the survival, development, and general condition of the offspring 
also was considered to be 25,000 ppm, or 2,048 to 2273 mg per kg bw per day (the highest dose 
tested). 

The results from two unpublished studies with rebaudioside A (Sloter, 2008a; Sloter, 2008b) further 
support the above described findings from published studies. In a two-generation dietary 
reproduction study, four groups of male and female Crl:CD(SD) rats (30 per sex per group) were 
fed either basal diet or the diet containing rebaudioside A (purity 95.7%) for at least 70 consecutive 
days prior to mating (Sloter, 2008a). For the F0 and F1 generations, rebaudioside A doses were 0, 
500, 1,000, and 2,000 mg per kg per day. At initiation of study, F0 animals were approximately 7 
weeks of age. The test diet was offered to the offspring selected to become the F1 generation 
following weaning [beginning on postnatal day (PND) 21]. The F0 and F1 males continued to 
receive rebaudioside A throughout mating, continuing through the day of euthanasia. The F0 and F1 

females continued to receive rebaudioside A throughout mating, gestation and lactation until day of 
euthanasia. The authors concluded that there were no effects on reproduction in males or females 
as evaluated by estrus cycles, mating, fertility, conception or copulation indices, number of days 
between pairing and coitus, gestation length, and spermatogenic endpoints. Both for parental 
systemic and reproductive toxicity, a dose level ≥ 2,000 mg per kg bw per day (highest dose 
administered) was assigned to be the NOAEL. 
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In an embryo/fetal developmental toxicity study in rats (Sloter, 2008b), effects of rebaudioside A 
administered via gavage were investigated. Rebaudioside A administration did not affect 
intrauterine growth and survival, and there were no test article-related fetal malformations or 
developmental variations at any dosage level. In the absence of maternal or developmental 
toxicity, a dose level ≥ 2,000 mg per kg bw per day (highest dose administered) was considered to 
be the NOAEL for maternal and embryo/fetal developmental toxicity. 

5. Clinical Studies on Rebaudioside A 

In a four week randomized, double-blind, placebo controlled trial, hemodynamic effects of 
rebaudioside A, at a dose of 1,000 mg per day rebaudioside A (97% purity) or placebo in 100 
individuals with normal and low-normal systolic blood pressure (SBP) and diastolic blood pressure 
(DBP), were investigated (Maki et al., 2008a). Subjects were predominantly female (76% 
rebaudioside A and 82% placebo) with a mean age of ~41 (range 18 to 73) years. At baseline, 
mean resting, seated SBP/DBP was 110.0/70.3 mm Hg and 110.7/71.2 mm Hg for the 
rebaudioside A and placebo groups, respectively. Compared with placebo, administration of 
rebaudioside A did not significantly alter resting, seated SBP, DBP, mean arterial pressure (MAP), 
heart rate (HR) or 24-hour ambulatory blood pressure responses. The investigators concluded that 
consumption of 1,000 mg per day of rebaudioside A produced no clinically important changes in 
blood pressure in healthy adults with normal and low-normal blood pressure. 

In another trial, effects of 16 weeks of consumption of 1,000 mg per person per day rebaudioside A 
(97% purity, n = 60) were compared to placebo (n = 62) in men and women (33-75 years of age) 
with type 2 diabetes mellitus (Maki et al., 2008b). Changes in glycosylated hemoglobin levels did 
not differ significantly between the rebaudioside A (0.11 ± 0.06%, mean ± standard error) and 
placebo (0.09 ± 0.05%; p = 0.355) groups. Similarly, no significant (p > 0.05 for all) changes from 
baseline for rebaudioside A and placebo, respectively, in fasting glucose (7.5 ± 3.7 mg per dL and 
11.2 ± 4.5 mg per dL), insulin (1.0 ± 0.64 μU per mL and 3.3 ± 1.5 μU per mL), and C-peptide (0.13 
± 0.09 ng per mL and 0.42 ± 0.14 ng per mL) were noted. No treatment related changes in blood 
pressure, body weight, and fasting lipids were noted. Rebaudioside A was well-tolerated, and 
records of hypoglycemic episodes showed no excess versus placebo. Based on these results, the 
investigators suggested that chronic use of 1,000 mg per person per day rebaudioside A does not 
alter glucose homeostasis or blood pressure in individuals with type 2 diabetes mellitus. 

6. Safety of Rebaudioside A 

There have been a significant number of studies regarding the safety and toxicity of rebaudioside 
A, including many that have been published since the two initial GRAS notifications were submitted 
to FDA by Cargill (GRN 253) and Merisant (GRN 252). These, and some other unpublished 
studies, formed the basis of the two initial GRAS notifications to FDA by Cargill (GRN 253) and 
Merisant (GRN 252). Prior to this, a limited number of toxicology studies specifically on 
rebaudioside A were conducted. Even before these new studies were completed, and as noted in 
the previous section, JECFA concluded that 7 (which was later expanded to 9) common steviol 
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glycosides are deemed to be safe for use as sweetener preparations when present in any 
combination, as long as a combined purity of 95% or more was established. 

Since a majority of the previous pharmacokinetic research was conducted with steviol glycosides, 
the presumed strategy adopted for the more recent research on rebaudioside A was to conduct a 
limited number of well-designed and executed toxicology studies on rebaudioside A itself, and to 
demonstrate that rebaudioside A is handled pharmacokinetically similarly to stevioside in rats and 
humans. This approach appears to have been undertaken to justify the JECFA-generated ADI 
without having to conduct a chronic study in rats with rebaudioside A. Additionally, the Merisant 
group conducted three mutagenicity assays on rebaudioside A that FDA generally considers to be 
most predictive for carcinogenicity potential. The Cargill group conducted two clinical studies to 
assure that rebaudioside A does not have potentially problematic pharmacological effects on blood 
glucose and blood pressure. 

In a review article, Carakostas et al. (2008) summarized the most recent Cargill research program 
findings on rebaudioside A, as follows: 

• Steviol glycosides, rebaudioside A, and stevioside are not genotoxic in vitro. 
• In well-conducted in vivo assays, steviol glycosides, rebaudioside A, and stevioside have 

not been found to be genotoxic. 
• A report indicating that stevioside produces DNA breakage in vivo appears to be flawed 

(Nunes et al., 2007) and was improperly interpreted as a positive response. 
• Steviol genotoxicity in mammalian cells is limited to in vitro tests that may be affected by 

excessive concentrations of the compound. 
• The primary evidence for steviol genotoxicity is derived from very specific bacterial tests or 

purified plasmid DNA that lack DNA repair capabilities. 
• Stevioside is not a carcinogen or cancer promoter in well-conducted rodent chronic 

bioassays. 
• While studies with Reb A indicated slight gastrointestinal (GI) absorption of the glycoside 

per se, the predominant metabolic pathway is comparable to that of stevioside and the use 
of the ADI established by JECFA, which was determined on studies employing stevioside as 
the main component, can be used as the ADI for rebaudioside A. 

• The dietary levels expected from consumption of rebaudioside A as a total replacement of 
sugar (Renwick, 2008) are less than the ADI and, therefore, there is no safety concern for 
consumers. 

The consumption estimates described by JECFA, Renwick (2008), and the GRN 252 and GRN 
253 Expert Panels very conservatively represent a potential high user of Rebaudioside A if this 
non-nutritive sweetener becomes widely available in food. 

Regarding the available aggregate safety information, multiple qualified entities have concluded 
that JECFA has critically and extensively evaluated the use of steviol glycosides in foods and 
agrees that, at the present time, the ADI for steviol glycosides of adequate purity, as defined by 
JECFA specifications, has been properly determined to be 4 mg per kg bw per person as steviol 
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equivalents, which corresponds to 12 mg per kg bw per day for rebaudioside A, on a dry weight 
basis. Unwanted pharmacological effects are not likely to occur at this level and, moreover, high 
consumers of rebaudioside A are not likely to exceed this level. Therefore, the JECFA-derived ADI 
was adopted as a safe exposure for rebaudioside A and the corresponding food uses meeting the 
specifications within the limits determined by this esteemed international body of food safety 
experts can be considered to be generally recognized as safe (GRAS). 

JECFA---which is composed of dozens of scientists that are internationally known experts on food 
ingredient safety---has established ADIs for food ingredients over the last 40 years. Both Merisant 
and Cargill took rather rigorous scientific approaches to demonstrate the safety of rebaudioside A. 
The studies were equally well conducted. The safety profiles compiled by Merisant and Cargill 
differ somewhat, yet the results are complementary and are mutually reinforcing of rebaudioside A 
safety. 

The studies conducted by Cargill provided significant insight into the pharmacokinetics of 
rebaudioside A, while demonstrating clinical safety of rebaudioside A regarding lack of effects on 
blood pressure and glucose metabolism that could result from doses expected from use in food. 
The Merisant notification augmented genotoxicity data in three systems recognized by FDA as 
good predictors of carcinogenic potential. Two of these assays were conducted in mouse systems. 
Additional mutagenicity and genotoxicity studies have been published on rebaudioside A (Williams 
and Burdock, 2009). Merisant added a subchronic study in dogs and a teratology study in rats. 
Both Cargill and Merisant relied on the JECFA ADI for steviol glycosides as determined largely by 
published chronic studies in rat. Both groups justified the use of the ADI on pharmacokinetic 
arguments showing the similarity of stevioside and rebaudioside A metabolism and excretion. 
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Appendix 13  Studies on Principal Metabolite:  Steviol  

Studies on Principal Metabolite: Steviol 

In a number of studies, steviol, the principal mammalian metabolite of stevioside, has been 
investigated for its safety. The results of these studies are summarized below. 

1. Acute Toxicity Studies 

The oral LD50 of steviol (purity, 90%) in male and female mice and rats was reported to be > 15 
grams per kg bw. In this study, only one of 15 animals died within 14 days of administration. The 
LD50 values in hamsters given steviol orally were 5.2 grams per kg bw in males and 6.1 grams per 
kg bw in females. Histopathological examination of the kidneys revealed severe degeneration of 
the proximal tubular cells, and these structural alterations were correlated with increased serum 
blood urea nitrogen and creatinine. The authors concluded that the cause of death was acute renal 
failure (Toskulkac et al., 1997). 

2. Developmental Toxicity Studies 

Groups of 20 pregnant golden hamsters were given steviol (purity, 90%) at doses of 0, 250, 500, 
750, or 1,000 mg per kg bw per day (only 12 animals at the highest dose) by gavage in corn oil on 
days 6 - 10 of gestation. A significant decrease in body weight gain and increased mortality (1/20, 
7/20, and 5/12) were observed at the three highest doses, and the number of live fetuses per litter 
and mean fetal weight decreased in parallel. Histopathological examination of the maternal kidneys 
showed a dose-dependent increase in the severity of effects on the convoluted tubules (dilatation, 
hyaline droplets). However, no dose-dependent teratogenic effects were seen. The NOEL was 250 
mg per kg bw per day for both maternal and developmental toxicity (Wasuntarawat et al., 1998). 

3. Mutagenicity & Genotoxicity Studies 

In a number of studies mutagenicity and genotoxicity of steviol has been investigated. These 
studies reviewed by JECFA are summarized in Table 13-1. 
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Table 13-1.  Mutagenicity & Genotoxicity Studies on Steviol 

IN VIVO/IN 

VITRO 
SYSTEM 

TEST 

SAMPLE 

PURITY 

AUTHOR 

CONCLUSION 
RESULTS AND REMARKS 

Sekihashi et al. 
(2002)a 

In Vivo/In 
Vitro 

Comet Assay 
Not 

reported 
Negative 

In in vitro study, steviol at 62.5, 125, 250 and 500 
μg/ml did not damage DNA of TK6 and WTK1 cells 
in presence or absence of S9 mix. In in vivo study, 
mice sacrificed 3 or 24 hours after one-time oral 

administration of 250, 500, 1,000 or 2,000 mg/kg of 
steviol. Stomach, colon, kidneys, testis and liver 

DNA not damaged. An identical in vivo experiment 
with stevia extract performed, which also gave 

negative results. 

Oh et al. (1999)b In Vivo? 
Cell Mutation 

and DNA 
damage 

Not 
reported 

Negative 
Steviol gave negative results for cell mutation and 

DNA damage in cultured cells. 

Matsui et al. 
(1996)c 

In Vivo? 

Mutagenicity 
and 

Chromosome 
aberration 
(Chinese 

hamster lung 
fibroblasts) 

Not 
reported 

Positive 

Gene mutation and chromosomal aberration found 
in Chinese hamster lung fibroblasts after metabolic 

activation of steviol. In hamsters, several 
metabolites of stevioside found that have not been 
found in rats or humans. Therefore, experimental 

relevance should be questioned when hamsters are 
used. 

Terai et al. 
(2002)a 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Positive 

Steviol found to be mutagenic in Aroclor-induced rat 
liver S9 fraction. 15-oxo-steviol found to be 
mutagenic at 10% level of steviol. Specific 

mutagenicity of lactone derivative in presence of S9 
mixture 10x lower than that of derivative without S9 

mixture. 

Temcharoen et 
al. (1998)c 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Positive 

Mutagenic effects of steviol and/or metabolites 
found in S. typhimurium TM677 by tranversions, 

transitions, duplications, and deletions at the 
guanine phosphoribosyltransferase (gpt) gene. 

Magnitude of increase of these mutations over the 
control not reported. 

Klongpanichpak 
et al. (1997)c 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Negative 

Steviol and stevioside inactive in TA strains of S. 
typhimurium, E. coli WP2, uvrA/PKM101 and rec 
assay using B. subtilis even when microsomal 

activated fraction present. Magnitude of increase of 
these mutations over the control not reported. 

Matsui et al. 
(1996)a 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Negative 

Testing of Southern Blot technique with probe for 
gpt gene DNA of E. coli. The chromosomal DNA of 

TM677 and steviol-induced TM677 mutants 
digested by restriction enzymes and probed. No 
significant differences found in fragment length 

between wild-type and mutant DNA. 

Matsui et al. 
(1996)a 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Both 

Steviol weakly positive in umu test, either with or 
without metabolic activation. Steviol negative in 

reverse mutation and other bacterial assays even in 
presence of S9 activation. 
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IN VIVO/IN 

VITRO 
SYSTEM 

TEST 

SAMPLE 

PURITY 

AUTHOR 

CONCLUSION 
RESULTS AND REMARKS 

Procinska et al. 
(1991)c 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Negative 

The direct mutagenic activity of 15-oxo-steviol was 
refuted. 

Compadre et al. 
(1988)a 

In Vitro 
Bacterial 

Mutagenicity, 
Mass Spec 

Not 
Reported 

Positive 

Mass spectral analysis of steviol and analogues 
under conditions known to produce a mutagenic 

response. 15-oxo-steviol, a product of the 
metabolite, 15-alpha-hydroxysteviol was found to be 
direct-acting mutagen. Magnitude of increase over 

control in assay not discussed. 

Pezzuto et al. 
(1985)d 

In Vitro 
Bacterial 

Mutagenicity 
Not 

Reported 
Positive 

Using S. typhimurium TM677 strain, steviol found to 
be highly mutagenic in presence of 9000 x g 

supernatant from livers of Aroclor 1254-pretreated 
rats. This mutagenicity dependent on pretreatment 

of rats with Aroclor and NADPH addition, as 
unmetabolized steviol was inactive. None of other 

metabolites tested was mutagenic. Authors 
concluded that structural features of requisite 

importance for the expression of mutagenic activity 
may include a hydroxy group at position 13 and an 

unsaturated bond joining the carbon atoms at 
positions 16 and 17. 

Temcharoen et 
al. (2000)c 

In Vivo 
Micronucleus 

(rat) 
90% Negative 

Very high doses (8 g/kg bw) given to rats did not 
induce micronucleus in bone marrow erythrocytes in 

male and female animals. 

Temcharoen et 
al. (2000)c 

In Vivo 
Micronucleus 

(mouse) 
90% Negative 

Very high doses (8 g/kg bw) given to rats did not 
induce micronucleus in bone marrow erythrocytes in 

male and female animals. 

Matsui et al. 
(1996)a 

In Vivo 
Micronucleus 

(mouse) 
Not 

Reported 
Negative 

Steviol did not increase number of micronuclei 
observed in this study. 

Temcharoen et 
al. (2000)c 

In Vivo 
Micronucleus 

(hamster) 
90% Negative 

Very high doses (4 g/kg bw) given to rats did not 
induce micronucleus in bone marrow erythrocytes in 

male and female animals. 

a Abstract only 
b As reported in WHO (2006) 
c As reviewed by Geuns et al. (2003a) 
d Full article 

4. Endocrine Disruption Studies 

Shannon et al. (2016) investigated the endocrine disrupting potential of stevioside, rebaudioside A, 
and steviol in a series of in vitro bioassays. Steviol was reported to 1) antagonize progesterone 
nuclear receptor transcriptional activity; 2) increase progesterone production; and 3) induce an 
agonistic response on the progesterone receptor of sperm cells (Catsper). While the authors 
concluded that Stevia might not qualify as a safer alternative to sugar or synthetic sweeteners, it is 
important to note that it is difficult to translate in vitro concentrations to local concentrations in vivo 

at the receptor level. Furthermore, no adverse effects were observed in the reproductive studies. 
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Appendix 14  GRAS  Associates Expert Panel Report  

The Generally Recognized as Safe (GRAS) Status of the Proposed Uses of Rebaudioside M 

January 29, 2019 

Foreword 

An independent panel of experts (“Expert Panel”) was convened by GRAS Associates, LLC on 
behalf of their client, GLG Life Tech Corporation (“GLG”), to evaluate the safety and Generally 
Recognized as Safe (GRAS) status for GLG’s proposed uses of Festeviol RM 95 in conventional 
foods. The members of this Expert Panel† are qualified to serve in this capacity by qualification of 
scientific training and experience in the safety of food and food ingredients. 

Discussion 

A significant amount of safety information related to the consumption of steviol glycosides is 
generally available, and has been discussed in Part 6, as well as Appendices 8-13, of GLG’s 
dossier. First, there is a history of safe consumption of steviol glycosides when used as an 
ingredient in food products in the U.S., Canada, South America, Europe, Asia, and Australia and 
New Zealand. Second, a number of experimental studies have investigated the safety of steviol 
glycosides. The composite evidence from historical safe consumption and experimental studies 
together demonstrate the safety of Festeviol RM 95 for human food consumption. 

The majority of the studies reviewed on steviol glycosides and steviol have been discussed in 
detail in previous GRAS notifications (GRNs), including GRN 536, GRN 548, and GRN 656, which 
were submitted by GLG. 

With regard to the safety documentation, the key pharmacokinetic data establish that steviol 
glycosides are not absorbed through the gastrointestinal (GI) tract, per se; they are converted to 
steviol by bacteria normally present in the large intestine, and the steviol is absorbed but is rapidly 
glucosylated and excreted in the urine and feces. It has been well-established experimentally from 
various published studies that the steviol glycoside molecules are not absorbed from the GI tract 
(Gardana et al., 2003; Koyama et al., 2003b). The action of bacteria in the large intestine is directly 

† Dr. Emmel, Chair of the Expert Panel, is a chemist with substantial food safety experience in addressing steviol glycosides and other food 
ingredients. Dr. Archer is a microbiologist with extensive experience regarding GRAS issues, including regulatory policies, microbiology, food 
processing, and toxicology. Prior to his professorship at the University of Florida, Dr. Archer served as Deputy Director, CFSAN, FDA. Dr. Lewis 
is a biologist with more than 10 years of experience preparing GRAS dossiers. All three panelists have extensive technical backgrounds in the 
evaluation of food ingredient safety and in participating in deliberations of GRAS Expert Panels. 
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supported by the published study that steviol glycosides can be converted to steviol in the large 
intestine by normal anaerobic GI flora as demonstrated by an in vitro study in fecal homogenates 
(Koyama et al., 2003a; Renwick and Tarka, 2008). Geuns et al. (2006) measured blood, urine, and 
fecal metabolites in human subjects who received purified stevioside over 3 days and found steviol 
glucuronide in blood, urine, and feces samples. The authors concluded that there was complete 
conversion of stevioside in the colon to steviol, which was absorbed and rapidly converted to the 
glucuronide. 

In vitro metabolism studies have reported that rebaudioside M is hydrolyzed to steviol within 24 
hours, much like other steviol glycosides, including Reb A. Metabolism was found to be 
concentration-dependent and the majority of metabolism occurred within the first 8 hours 
(PureCircle, 2013b; Purkayastha et al., 2014). These observations support the presumption of 
safety of rebaudioside M, given the similarities in metabolism with Reb A. 

The acceptable daily intake (ADI) for steviol glycosides has been set largely based on a published 
chronic study in rats (Toyoda et al., 1997) and several published clinical studies show that there 
are no pharmacological effects in humans at doses several fold higher than the ADI (Barriocanal et 
al., 2006; Barriocanal et al., 2008; Wheeler et al., 2008). Recently, Roberts et al. (2016) noted in a 
persuasive argument using a chemical-specific adjustment factor (CSAF) that the ADI could be 
higher. The toxicity of the metabolite, steviol, has been well-reviewed in the published literature 
(Geuns et al., 2003a; WHO, 2006; Urban et al., 2013). In addition, FDA has issued “no questions” 
letters to 56 GRN submissions for steviol glycosides preparations as of December 11, 2018. 

The Expert Panel notes that GLG’s manufacturing process for Festeviol RM 95 is similar to the 
bioconversion processes described for GRAS rebaudioside M preparations prepared with 
genetically-modified E. coli, as described in in GRN 745 (PureCircle, 2018b) and GRN 780 (Tate 
and Lyle, 2018), and for high purity steviol glycosides prepared with genetically-modified Bacilli, as 
described in GRN 375 (Toyo Sugar Refining Co., 2011); GRN 448 (Daepyung, 2012); GRN 607 
(PureCircle, 2015); and GRN 662 (PureCircle, 2016). 

The updated scientific literature review of steviol glycosides covering the time frame since GRN 
780 was submitted through the present revealed no findings raising new safety concerns that 
would alter the previous GRAS determinations for similar rebaudioside M preparations. 

The GRAS Associates Expert Panel convened on behalf of GLG has reviewed the proposed uses 
for Festeviol RM 95. The highest 90th percentile consumption by any population subgroup of 
Festeviol RM 95 was calculated to be approximately 4.95 mg per kg bw per day, which is 
equivalent to 1.22 mg per kg bw per day steviol equivalents (calculated by a weighted sum 
estimate) for any population group, on a worst-case scenario basis. This estimated intake value is 
well below the JECFA ADI of 4 mg per kg bw per day expressed as steviol equivalents. Therefore, 
Festeviol RM 95 is expected to be safe within established allowable limits. 
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A compelling case can be made that scientific consensus exists regarding the safety of steviol 
glycosides when of sufficiently high purity. The central role of conversion to steviol and subsequent 
elimination with these naturally occurring steviol glycosides extends to the manner in which the 
various steviol glycosides molecules are metabolized and eliminated from the body. While the 
scientific conclusions are not unanimous regarding the safe human food uses of steviol glycosides, 
the Panel believes that a wide consensus does exist in the scientific community to support a GRAS 
conclusion as evidenced by several publications (Carakostas, 2012; Geuns, 2007; Urban et al., 
2013; Waddell, 2011; Williams, 2007; Brusick, 2008) that effectively refute safety concerns 
expressed by a minority of scientists. In addition, Roberts et al. (2016) suggest that the ADI for 
steviol glycosides could be as high as 6-16 mg per kg bw per day, which is higher than has been 
previously accepted by the scientific community, providing the potential for an even more robust 
safety profile. 

In summary, sufficient qualitative and quantitative scientific evidence in the composite is available 
to support the safety-in-use of GLG’s Festeviol RM 95 preparation given the following conditions: 

• GLG’s Festeviol RM 95 preparation continues to meet the designated specifications; 
• the minimum sweetness intensity GLG’s Festeviol RM 95 remains unchanged; and 
• GLG’s Festeviol RM 95 is produced in accordance with Current Good Manufacturing 

Practices (CGMPs). 

Conclusion 

The Expert Panel critically reviewed the data provided by GLG for their Festeviol RM 95 
preparation, as well as publicly available published information obtained from peer reviewed 
journals and other safety assessments prepared by other Expert Panels and well-respected 
authoritative international regulatory bodies. 

The ingestion of GLG’s Festeviol RM 95 from the intended uses results in intakes that are safe 
within the limits of established historical use and published safety studies and the widely accepted 
ADI of 4 mg per kg per day steviol equivalents. 

The Expert Panel unanimously concluded that the proposed uses of GLG’s Festeviol RM 95 
preparation, manufactured as described in Part 2.B. of their dossier, and declared within the 
subject notification meet the FDA definition of safety in that there is “reasonable certainty of no 
harm under the intended conditions of use” as described herein, and GLG’s Festeviol RM 95 
preparation is GRAS. 
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Doug Archer, Ph.D. Kara Lewis, Ph.D. Katrina Emmel, Ph.D. 
Panel Chair 

END 
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